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(57) Abstract: The present disclosure relates generally to the use 
of castanospermine in combination with another therapeutic agent 
to treat or prevent infections caused by or associated with a virus 
of iheflaviviridae family, particularly infections caused by or as- 
sociated with Hepatitis C vmis (HCV), and to the use of such com- 
pounds to examine the biological mechanisms of HCV infection. 
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Combination anti-viral compositions comprising oastanospermine and methods of use 

TECHNICALFIELD 

The pxesent disclosuxe tdstes genera]]^ to tiie treatment of in&ctbus 
disease, and mm specifically^ the use of castanospeRnme in coxnfamatioii ^vifh aa antL- 
S viial coiaxpound to txeot or pretveat Sn&ctioDS caused by or associated wjlh Flamiridae, 

paiticidarly infections caosed by or associated wiffa hepatitis C viros (HCV). 

ii 

BACKGROUND 

The ^vmnis group includes tbe gausative agents of numerous fauiTLan 
diseases and a variety of animal diseases that cause significant losses to &e livestock 

10 industiy, Tba&ndiy FlavhMdaeim&iao^^ 

flaviviruses) include 'Oxc genexa. FlavMrus (e.g. j yellow fever virus, dengue ymiaeo, 
J^annse encephalitis virus, and tick-bome encephalitis virus); PestMrus (ag., bovine 
viral dianbea virus (BVDV); dasslc swbe fbvei virus, and bonder disease virus); 
HepacMrus {e.g., hepatitis C vims); and cuxiently unclassified xncmbers of the 

15 Flavwiridae (e.g., GB virus types A, B and C). Members of flie J^Taviyiridae aie 

described in detail by tbs Intemational Committee on Taxonomy cf Viruses (the currently 
accepted taxonomic definition is described in: Virus Taxonomy: The Claasificalion and 
NomenolatnxB of Viruses, The Seventh. Keport of the intenuUional Committee on 
Taxonomy of Viruses, van Ri^oninortel et aL, Acadctnic Press, San Diego (2000)), the 

20 cotUexrtsofwhichaxehexebymcocporatedbyrefex^ice). 

A clinical^ sSgmfioant member of the FtavMridae AmSy is hepatitis C 
virus (HCV). HCV \va8 first identified io 1989 and is a major cause of acute hepatite 
responsible fer most cases of post-transfusion non-A, non-B hepatitis. In addition, HCV 
is a major cause of chronic liver disease, inchidmg cirrhosis and Hvcr cancer (Hbofim^Ie, 

25 Hepatology 26:15S, 1997). The Worid Health Organization estimates that 170 million 
people axe chronically infeoted with HCV. Approxunately 3-4 million people are newly 
infected each year, and 80-85% of these iolbcted patients develop chxozuc infection wxtii 
appznximsidy 20-3096 of these patients progressing to dbrhosis and end-stage liver 
disease, fiequenay complicated by hepstocelhibir caicmoma (HCC) {see, e.g,, 

30 K*ly1d^ove*a/^j: PT&-ot 74-^046, 2000). 
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HCV is an enveloped poaitive-skaiid ItNA viiu?. The genome cairies at 
fee 5' and 3' cndA noui-tiamlatecl legioDS (NTRs) 4a* form stable seoondaxy aad tertiaiy 
structures. The5*NTRoameaanittenaliibosoi^ 

dim;! bindisg of libosoiOBB in close proximily to tiw start codon of tbe open reading 
5 fiame. Thiis,trtttslationofHCVIUylAiaifiedi^ 

CAP-dependmt mecbattism typically wd for traiual&tioii of cellular niRNA. 

Ibe HCV genome consists of a smgla long open reading frame that 
encodes a pol^otein of approximately 3000 amino acid residaes. This pd[yp]X)teifi is 
processed co- and post-traiwlatioiially into at least 10 different producte, iDcduding two N- 

10 linked glycosylated ptotcins Bl and E2. Witbin the polypfotein, cleavage products aie 
oideied as follows: cote (C); envelope protein I ^1); E2; p7 (wbicb may be an ion 
cbaonel-fbnning polypeptide); non-stmchxral protein 2 (NS2); NS3; NS4A; NS4B; 
NS5i^andNS5B. Ilieooioptot&in is a bi^y basic RNA binding protein foi^^ 
major constituent of tbenucleooapaid. The envelope psoteins El end B2 are highly 

15 glycosylated type 1 m^nbcane protebs anchored Uttougb ibo czoboay-teOTinal region. 
Ibey ere embedded into "die lipid envelope of the viros particle and associate to &nn 
stable beteiodimers. The non-stnictural proteins are involved in viral replication and 
possess protease (NS2/NS3), helicase (NS3), and RNA polymerase activities (NS5B), 
Binding of HCV Id the host cell probably requires the interaction of E2 or the E1/E2 

20 complex with a receptor that is present on the cell sor&oe. 

An ondefstanding of the meobanism of HCVpartiole assemb^ is limited. 
The absence of complegc glycona, the localization of e^^ttessed HCV glycopioteins mthe 
endoplasmic reticulmn (BR}» and &e absence of flies^ proteins on the cell sur&cep 
togiedier suggests that initial vidon morpbogenesis occurs by budding into intcacellulac 

25 vesicles £nom the ER. Additionally, matnre B1-E2 beterodimera do not leave the ER» and 
ER retention signals have .been identified in the C-terminal regions of both El and E2. ' 
jCierefiare, the vims would be e?cported via the constitutive secretory pathway. In 
agceemeut with this assumption, ooraplex N-linked giycans were found on Ibe surface of 
partially purified vinis particles, suggesting that the viroa transits tbrou^ the Oolgi. 

30 UntHfecendy, interCeton-a OFNkx) was the only ibeirapy with proven 

benefit fixr 1b.e treatment of HCV tofcctiQiL Approximately 50% of patiems show an 
initial response to treatment widi IFN-ce» but the response is not sustainable in the 

2 


wo 2006/037227 PCT/CA2005/001528 


in^ori^ of patiexitSflMtiiQpaiieiits suffer cxm^^ The 
durent standatd of oaxc &r fxeatmgHCV mfbetioiiis adxanilstralion of IFN-a witlitijyB 
mioleosidp analogue ribaviiiiL However, ideoljficccdiHi of &eiapc«tb cm 
have mme potexKl: BntzvkBl activity and ifewer undosiiEable aide effects is needed. 
5 Hence, a xieed exists for identifying and developing ea^^Fiavtviridae 

agents that Itave impzoved anti-viral activity and reduced toxicity, and in partiodar 
fiiexapeutics for the tzea.tmeat of HCV. The present invention meets sucli needs, and 
fbither provides other lelaled advantages. 

SUMMARY 

10 The pzesent inventLon genaiB% provides oastanospezznine composidona 

for uae in treating or preventing, Ibr 8xaaq>lep Flav^irldoB iofectionsj such aa those 
caused by hepatitis Cvima (HCV). ]h particular; the present diselosaj^pmides 
castanospennine in combination with other anti*F/avfvf Wd!a& conxpoundsy pcoviifiag 
unexpectedly high or synergistic, inhibitoiy activity against HCV. 

15 In one embodiment the invention provides a method for treating a 

Flaviviridae infeption comprising adnoinisteiing to a sabject castanospennine^ or a 
phatinaoeaticaUy acceptable saltilieiz^£ and an In 
another embodiment; a me&od is pixyvided fixT tzealz^ 

ooBipzismg administering to a sutject castanospennine, or a phannaceotically acceptable 
20 salt themf^axidcuiageid that alters xeplioation of a vira In 
certain embodiments, the sutgect is a human. In otix^ certain embodixnentE^ the vitas of 
the Flaviviridae femily is a member of the genus Flavivirus, which may be a Hepacivims, 
5^rein the HepacMrus is Hepatitis C virus (HCV), or the vims is a manber of the 
genus Pestnnrus. In flnnthrn- certain emi>odiinent, the agent that alters immune fimction is 
25 an int]cr£cnm» such as an interferozi-og and in a particular embodimenl^ the interferon-a is 
pegylated. Ibe invention also provides a method wherein castanospennine and the agent 
that ahers immune fbnction are administered seqaentially (wherein castEiaospenninB is 
edministBaD^ b efbie the agent tliat alters inumme fimction or mdierein the agent that aheis 
inmmne fbnction is administered before castanospennine) or castanosperxnine and tiie 
30 agent are admiiustercdconcunently. In anotiier embodimeni; castanospennine and the 
agent that alters immnne function are admixed as a sii^e oomposition and admini&teied 


3 


wo 2006/037227 


PCT/CA2005/001528 


concumntly. la another emboAment, Ihe method con^pnsos adndnistBnng to a subject 
(a) a CQDspositiQa comptifinig castpnospednme and a phannaceutically acceptable earner 
axid (b) a caxnpoaition coniptising the agent that altans tmmuiie fhnotion and a 
l^hannaceutioally acceptable carrier. 
5 Li anolluer embodiment^ die agent that alteis viral rc?plication is xibavirin or 

IE an inter^roD, such as an inierferon-o; and in a particiilar embodiment; the mtcxferon-oc 
ispegylated. Tbe invention also provides a mediodwhenmcastozu^ 
agent that alters vizal replication aie administered sequentially (wberein castanosfpermine 
is administeied befiue the agent that alters vual replication or wherem die agent that 

10 alioifi vhnU replication is adinimstBT^ 

the agent axe adrnmistexed coneuxiendy. In anoliier embodiment^ oa8tBnoq>erimne and 
liie agent that alters viral repHcatian are admixed as a single composition and 
administeied concinrcntly. In anothor embodiment, the mefliod comprisies administering 
to a subject (a) a'composition comprising castanospennine and a pharmaceutically 

15 acceptable earner and (b) a compositioii comprising the agent that alters viral replication 
and a phannaeentically acceptable canier. 

The hxvemion also provides ameBiod for treatms & JPlavtvinda^ iDfbctic»i 
oonnprishig admimstexxng to a subject castanospennine, or a pbszmaceutically accepl^ible 
salttheieofj and an agaat Qiat alters iinnittiie ftinction wherein castano^peiminB and "flte 

20 agent that alters immmie function interact syncrgisticaUy, In . 
method is provided fbr treating a FlavMridae infection conq^rising administering to a 
subject castanospermine, or a phannaceutically acceptable salt liiereof, and an agent that 
alters viral replication wherein castanospennine and the agent that alters viral Teplicaiaon 
interact synezgistically. 

25 ^ Also provided herein is a method for treating Flaviviridae infection 

comptiang castanospennine in combinatian widi an agent that inhibits infection of cells 
by JFlaviviridaei a eompoimd that inhibits iho release of viral RNA fiom the viral capsid 
or inhibits Iho fimcdon of Flaviviridae gene products; a confound that alters Flaifivirldae 
replication; a compound liiat alters immune fimctior^ a compound that alters symptoms of 

30 a Flaviviridae infection; or a compomid for treatrng Hav^/?vtfa&-assoGiated infections. In 
certain embodiments, the compound that ahiers immune tbnction w an inteiferon such as 
an inteirferon-c^ and in a particular embodiment, the inter&ron-o! is pegylated. In a 
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patticiilar embcidtmeiit, die oompoimd th&t alters FtavMridcte vijHl xeplicatioa is xibavirin 
or mteifbion-a In ceiiaia embodiniieiits. the F/'^ivoTdix^associated infedioin is a 
hepatitiB B viral (HB V) infection or a retroviral miectioi]» vAssasm fhe iBtxoviial infection 
is a human imEmmodafioiency virus (Hiy) infection, 
5 Also pravided is a method for treating a Flavivirldae mfectbxii> compzising 

administeiiDg to a sulject castBiiospeimine» or a pliatmaceutically acceptable salt ttiereof, 
and on infiBifaran. In certain ernbodimrais, the iuUnrfwon is an inlbv£sro3i-<c and in certain 
oIliBrembodiDAeiit^ilie intBEfexon-^i^ In oiie enobodiment, castanosperminB 

andlSie intedbrou interact synetg;ifitically* 

10 BRIEF DESCRIPTION OF IHB DRAWINGS 

Figures 1 A and IB show the 3 -dimensional and Z-dimecosional, 
respectively, syneiqgy of inteiferon-dZb (IFN-a) and castanospermine (Cast) against 
MDBK cells that were infected with BVDV at a multipliclfy of infection (MOI) of 0,01 . 
The positive % above the horizontal plane (additivity smface) reveals the regions and 

15 ooiiespondingdnig concentrations at which a synergistic e£Eb^ The 
gradation in gray, a shift fiomligjht to dark, indicates &6 level of synergy. 
Figure 2 shows ail isobologcBin of the data shown h^ 
Figores 3 A and 3B show Ihe 3-diinfinsiQnaI and 2'dimensional, 
iBSpectively, synergy of ribavirin (RB V) and castanospBimine (Cast) against MDBK cells 

20 that were infected with BVDV at a muMplicity of infection (MQI) of 0.01. The poshive 
% above the horizontal plane (additivity surface) reveals the regions and coiresponding 
drug concentrations at which a synergistic effect is observed. The gradation in gray^ a 
shift fiom Ught to dark, indicates tiie lervel of synergy, 

Figme 4 shows an isobologiam of the data shown in Fignre 3. 

25 Figaros 3A and SB show flue S-dimensional and 2-dimensiQna]| 

lespectively, results of a cytopafhia ass^ in which MDBK ceUs were in&cted with 
BVDV at a multiplicity of infection (MOT} of 0.01 and then exposed to interferon-cab 
(IFN-ci^ and oastanospennine (Cast). The negative % below the hodzontal plane 
(additivity surface) reveal the legions and corresponding drug concentrations at which 

30 (^toxicity is not increased and even possibly diminished. The gradation in gray, a shift 
fiom light to daik^ indicates the level of antagonism (i.e., unaffected cytotoxicity). 
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; F igiizes 6 A and 6B show ibc 3-diiaeiisional and 2-dnnGiisicma], 

respectively, results of a cytopatiiic assay in whicb MDBK cells were infected wkh 
BVDV at anniltiplidty of infcctiion QAOl) of 0.01 asul then exposed to ribavirin (RJSV) 
and castanospetmine (Cast). The negative % below the horizontal plane (additivity 
5 EitoGace) leveal flie regions and coExesponding drug concentratians at which cytotaxicily vi 
not incieaeed and even possibly diminished. The gradatiozLin gray, a shift fiom light to 
daik, indicates the level of antagonism nnaffecftad cytotoxidty). 

DETAILED DESCRB^TIDN 

The present invention generally provides compositions and mefhoda for 

10 using castanospemdne in combination with another anti-viral compound to treat or 
prevent infections diseases. In particular, these compositions are nsefiil for treating or 
preventing Flaviviridae infections, such as hepatitis C viius (HCV) infections. The 
invcntionf therefore; xelates geoaetally to the surprising discovery that castanospennine in 
conubination with another oompound, sueh as snfar&ron-alpha interfhioiK^ 

15 alpiha-interferon, or OMnlBrfoQia) or xibavDcin^ has an une3q;>6otedly high actndly against 
HCV. Accordingly, tiie compounds of the invention are useful, fiur example, for tieatmg 
HCV infection and HCV-related disease and are also nseflil as lesearoh tools for vitro 
and cell-based assays to study fbQ biological mechanisms of HCV infbction (ag.. 
replication and transmission). 

20 By way of bad^ground, glycopiotems are classified into two major classes 

according to the linkage between ^ugai and amino acid of the protein. The most common 
is the N-glyoosidic linkage between an asparagine of the protein and an N-^etyl-Z)- 
glucosamine rasidue of an oliga^u»^badde. N-linked oHgosaccharides^ following 
attachment to a polypeptide baclcbone^ are processed by a series of specific enzymes in 
25 the endoplasmic reticulum (E&X and tins pirocessing pa&way has been well 
characterized. 

Id the ER, a-glucosidase I is responsible for the removal of the terminal 
glucose residue flcom the precursor oligosaccharide, and a-glucosidase U removes 
the two remaining ct-1 ,3 linked glncose residues prior to removal of mannose residues by 
30 inannosidases and fixrther processing reactions involving various transferase These 
oligosaccharide "trimming' reactions enable jgftycoprotdns to fold conectly and to 
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inteiact wllb chaperone piotdtis sucli as cabiesdii and caketiculin for transpoit tiubugh 
Qolgi appaiatus. 

Inhibiiois of enzymes in this biosyntlietii^ pathway, particularly those 
bloddng a-glucosidases and a^axiKioaidaBes, ptevest i^plicatioa of sevetal enveloped 
5 viiuses. SuclLinhifaitoiaittayactlsyiiiteiferi^ 

glycoprotein, thus preventing the imSsH vimB-host cell interaotica or subsequent fusion. 
Hiese inhibftoTB may also prevent ^viral diqiHcation by pieventiiig the consthsctioa of titie 
proper glyeoptotom zequired &r &e ooniplBli0n of the viral meoodbiatte. 

For exaiiiple, nonspecific gtycosylation idbibitoxs 2-dcoxy-D-gIaoose and 

10 B-hydtoxy-norvafine itihibitod expzession of HIV glycoproteins and blocked the 
fotmation of syncytia (Blough et aL» Biochem, Biophys. Res, Comntmu 141:33-38 
(1 986)). Virtl ttultiplicalioii of HIV-infboted cellB treated with these agents is stopped* 
presumably because of the unayailability of g^coproteinieqimed for viral membrane 
fiuxnation. The glycosykti<m inhibitor 2-deoxy*'2-fluQ^ 

1 5 Botivily agahist influenza-infecied cells by p wvtm t m g fiie glyoo^lalicni of viral 
wifflnbrane protdooi (McDoiwell et al, Bicchemistryf 24:8145-32 (1985)). Lu et al. 
presented evidence thatN-lihked ^ycosylation was neocssa^ fbrliepatitiB B vims 
aecTBtion (Virology 213: 660-665 (1 995)}^ and Block et oL showed that secretion of 
human bepatrtid B virus was inhibited by the imbo sugar N-butyldeoxynqjiiimycin {Proc 

20 Natl Acad, Sci. USA 91: 2235-39(1994); see also, e.g.. W0992J9321). 

As described herein, any concentration range* percentage range, ratio 
ratlge or integeriange is to be understood to indudc the vahie of any integer withm the 
recited range and, when appropziaiB, fiaotions ttwceof (such as one tenth and one 
hundredth of an integGr)^ unless oOenvise indicated. As used heroin, "aboutf or 

25 "compdsins essentially of' mean± 15% of the indicated vahie arrange, unless otherwise 
indicated. The use of the alteniative "oc") should be UAd«tstood to mean eifiuer one, 
bo£h, or any combinadon diereof of the altaznatives. 


Castanosfermine 

A9 set forth above, the pvesent invention provides compositions having 
30 castanospennine, pharmaceutically acceptable salts thereof, and uses fiicreofl Disclosed 
herein are compositions having castanospermine in combination with another compound 
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or mcdecule fasviiag anli-vxcal activity or castanospenninQ in comLbuiation wifh adotber 
compound or molecule fhat fiiat altds host itmction or response, such as & compound that 
fllteis immune function or response^ which comhinatians have unexpectedly high 
aati-viial activity, and in particular high mlx-Flaviviridae activity, such a£ against HCV* 

5 Castanospcizzmie dnd certain imino sugarsi such as deoxynojirimycin 

(DNJ), atb £R o^ucosidase inhibiiors, and both potent^ iohihit the eady stages of 
j^oproteinptocesstng (fiee, e.g, KnpietMet al.>/ Acqidr. LnmutteDefte. Syndr. 2:t49- 
57 (1989); see also, eg., WHtiby et aL, AniMral Ckem. Chemothsr. (15:141-51 (5004): 
Branza-Nibhila et al., J. Vfrol 75:3527-36 (2001); Comageot et al.. Virol ISiSS^ll 

10 (2000); CJiDukhi et aL, J: Virol 72:3851-58 (1998); WO 99^29321; WO 02/d897«0). 
However, the e£Eects of the ixdbibitoia differ subBtantially dapending on the system to 
which fhey are applied, and they may e^chibi t quite different speci£citiBfi» 
castanospennine being relatively specific fot o^-glucosidase L 

Castanospannine is a natural alkaloid derived fiom the block bean or 

15 Mbiefeon chestout tcee iCastanospemaan austraJe) (HohoDsdoute et al.» P^ftoehemistry 
20:811-14(1981)). CaslanospoaniineiBivateraohibldra^ 

according to procedures practiced in die art (s^ e.g,, Alexis FIa1fimn» San Disg^ CA). 
The higbcat conoenCcation of the compound is found in Ihe seeds and seed pods (Pan et 
BL,Ardk Biochem. Biophys. 303:13444 (1993)). In addition to inhibitnig the enzymatic 

20 activity of ct^ucosidase I, castanospemdne also inhibits inlBstina] glycosidases, such as 
maltase and sucrase, which may result in undesirable side effects (Saul et aL» Proc, Natl 
Acad. Set USA 82:93-97 (1985)). Many side effects may be pxiniimzed or prevented in a 
subject receiving castanospeKmine by ali&dng the grubjeot's diet to a StMfOb-fieey high- 
ghicose diet (^ee, ^„ Sanl et aL» jf(prflf). 

25 Castanospemiine has (he following fonmila. 
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Systematically, fiiis compound can be named in several ways: [lS-<lc<» 65 jD;a6,8o£)]- 
ootaliydio-l,6,7,S-indoti-zinBtetol or [lS,(lS,6S,7R,8]R,8aB>l,6,7,8-tBtraliydioxy- 
iiidoUzidiiieO(r:i»2,4,8-tcii:adeo^ Thetenn 

5 Pliaxmaceutically acceptable saltiefers to a salt of castaiiospetmitie or 

ofher compouods desctibod heroixi that ia pliazzDaceutically acceptable and that possesses 
the desited pliaimacologlcal (eg., anti-TOdl) activity. Such salts include Hie following: 
(1) acid addition salt$» fonned witib inoxganic acids such a& bydrochlonc aci4 
faydzobramic acid» fiul&iic acid^ nitric acid, phosphoric acid, and the like; or fonned with 

10 oiganic acids such as acetic add, propionic add, hexanoic add, cyclopentanqpiopionio 
acid, gjycolic acid, pynivic add, lactic acid, malonic add, succinic acid, malic acid, 
malexo add, finnario aoid» tartarie acid, citrio add, benzoic acid, 3-(44iydioxyben2oyl) 
benznic add, dnnanuc acid, mandelic add, methanesulfanic add, ethanesuUbnio acid, 
l^^thane-diculfbmo add, 24iydn)Kycdianesdfi»iic acid, benzeoesuIEbnic add, 4- 

15 (Alcmbensencsnlfiynic add, 2-naphtliaIenesulfbmc add, 4-toIuene8al£9nic acid, 

can^horsulfonic add, 4-mediylbicyclo[2.2,2]-oclr2-we-l-carboxyIic add, glucoheptorac 
acid, 3<-ph&nylpiopiQmc add, trimediylaaetio add, terdaiy bulylacetLC add, lamyl sulfuric 
acid, gluoonio acid, glntHmic acid, bydimynapliliioic acid, salicylic add, stearic add, 
XOTconic add, and the like; or C2) salts fonmed when an acidic proton present in the parent 

20 conqiound eijOker is replaced by a metal ion, an alkali metal ion, an alkaline earth ion, 
oi: an abuninnm ton; or oooidinatas wifli an organic base audi as ethanolamine, 
didChanolannns,' trietbanolainine, N-methylglucanmie, and the like. 

A straotuxally pure coffipoand refecs to a compound conqjosition in which 
a substantial pexcentage, e.g., on the otdin of 95% to 100% and piefembly tanging fiom 

25 about 95%, 96%, 97%, 98%, 99% or greater, of tie individual molecules comprising die 
composition eaob contain the same number and types of atoms attached to each other in 
the same onler and with the same bonds. As used hereto, the term ''structurally pure" ia 
not intended to distinguish difCetent geometric isomeis or differaTif optical isomers £poin 
one another. For exanqile, a muctuze of ds- and ttans*4>ut-2,3-ene is consldened 

30 strupturaltypute, asxsBiacendcnuxtUFe. When compositions axe hitended to hiclude a 
substantial percentage of a single geometric isomer ca optical isomex, the teicms 
''geometncatty puxef^ and ^'optically or enantiomencally purc,*^ respectively, are used. . 
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The term ''stnicturaUy pure" is also not intended to discEiniinate between 
dif^ent tauidmeiic foims or ionization slates of a molecnle^ or other forms of a mdecole 
£hat Insult fiomeqmlibriimiplieiiomeim or ^ Thus^a 
cootposition of, for axsanplc^ ao organic acid is structurally pure even tliough some of the 
5 caxboxyl groups may be in a protonaled stole (COOH) and o&ers may le in a 

deprotxxnated state (C00> Likewise, a ooxnpositlon comprising a nuTctura of feeto and 
emd tautomeis. unless specifically noted olfaexwisef is considezed sliuctmally pure. 

TirERATCciTtc Formulations and Mbthods of Use 

As descdbed heieH castanospemune^ particularly in comhmation with 

1 0 another agent (compound or molecule), such as an agent that alters fmmune function 
and/or an agent that alieis viral replication, may act synergistically to inhibit vixal 
Ififeetton Qc vixal repHcatum. In eectain einbodimBntSi Ifae combmaticnis desczibed herein 
axe capable of inhibitids viral tepUcatioA of a virus of the FlavMidae fimily» pzefoably 
HCVf at dimcally relevaiit concentEatians according to statistlcaDy measurable criteria. 

15 Use of castanospennhie in ooinbiDation with at least one odier tlierapeutio agent doGcribed 
herein as a treatment encompasses fherapeutio application, that is, admimstiation of the 
combination to a subject knovm to be or believed to be infected widi a vims of the 
Fiaviviridae femily^ such as HCV. Also contemplated herein, is a combination of 
castanospermine witii an agent, such as hitet&i»(n-o(, wherein the combination with 

20 castanospennine may dtar (increase or decrBase, pre&iab!^ inGrease. in a statistically 
significant manner) the efibotivieness (elBGloaoy) of interfecon-a or xibavizm ftfr'treating a 
Fiavtviridae xofectiGiL 

Treatment also encompasses propiiylaxis or preventative administiatioii of 
die cambinalions described hetein. Effective treatment of a Ftavivtridae infection may 

25 inohide a cure of the infection eradication of the virus from the host or host tissue); a 
sustained response in which, for example, HCV KNA is not longer detectable in the blood 
of the sulg ect six montiis after completing a therapeutic regimen (such a sustained 
response may be equated with a fevorable prognosis and may be equivalent to a cuxe); 
slowing or reducing Mver scarring (iSbrosis); slowmg or reducing the production of virus; 

30 tedncing, alleviating, or abrogating symptoms in a subject; oxpreventrng symptoms or 
io&ctiaD £xnu worsening or progfessfaig. 
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Thus, the compositianfi described herein may be used far accomplishing at 
least one of the following gods: (1) elimination of infectivity and potential transmission 
of RFLzviviridae infection, such as an HCV infection, to another subject; (2) arresting the 
progtession of liver disease and improving dinioal prognosis; (3) preventing development 
5 of dzrhosis and HCQ and (4) inqooving the olimoal benefit of cmrentty used iherapentJo 
molecules or modalities. To datot, a ^^)eotie agent that adeqoately treats or pfev^ 
HCV infection and any associated disease witbont severe stde-efibcts has remained 
dusive. 

The therapy or prophylaxis is preferably the treatment Of prevention of an 
1 0 infection by a virus as defined above. In partioular, tiie therapy or prophylaxis may be the 
treatment orprevenlion of a disease selected from hepatitis C, yellow fever, dengue fever> 
Japanese encephalitis* Minray Valley encephalitis^ Rocio virus infection. West Nile fever, 
St. Lonis encephalitis^ tidcrboniie encephalitis. Looping ill virus infection, Powassan vims 
in&otion, Omsk hemorrhagic fbv«r, Kyasanur forest disease^ bovine dianfaea^ classioal 

15 swioefever, bolder disease, and hog choleiau Avixalinfbotiox](» 9uchasa/%arvmn(to 
infection (agi, an HCV infection), rofets lo any state or condition that involves (ue., is 
caused, exacerbated, or characteriised by) a flavhrirus residing in ihe cells or body of the 
subject or patient A patient or sulject may be a hmnan, a non-human primate^ sheep, 
cattle^ hoisBy pig, dog, cat^ roi^ mouse» or otiier mammal. 

20 HCV is difficult to propagate efficiendy in cell cuknre, thus rendering 

analysis and identification of potential anti'-HCV agents difficult In the absence of a 
suitable cdl cultuoie system capable of supporting replication of human HCV and 
le-ittfection of cells in vitro, use of another member of Iho Fboftviiidae feroily, bovine 
viral dianhea virus QSVDV) is an aztraooepted sunogate virus for use in cdl culture 

25 models (Stayver et ai., Antfmicrob, Agents Chemother. 47:244-54 (2003); Whifty et al^ 
stqrra), HCV and BVDV shaie a significant degree of local protein homology, a common 
replication strategy, and probably the same subcellular location £br viral envelopment 
Both HCV and BVDV have singlenStranded genomes (approxtmately 9,600.and 12,6000 
nndeotidesy respectively) that encode nine fhnctionally analogous gene products, 

30 mctadmg flio El and E2 envelope glycoproteins (see, e.g.. Rice, Flaviviridae: The 

Viruses and Thdr R^ication, in Fields Viajlogy, 3rd Ed. Philadelphia, Lippincott 931- 
59(1996)). 
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The compounds described herein XDay also be useful reseaich toob fox in 
yitro and cell-based assays to study the biolo^cal mechanisms of viral infection, growth, 
and xcplication» preferably fbi HCV. By way of backgromul and not wi&faing to be bound 
by HiBoiy, HCV moqihogeneds i& complex >wliBEeiaFieas&eAibIed vb:al cote particles axe 
5 believed to attach to cytosolic sides of inzal envelope (eurfoce) proteins, ^ivhich have 
insetted m&e endoplasmic leticidumO^^ After aoqiuim&G°^veIopes» 

. virioxiabudtodielDmenofllieBELandlhcaiatetEmspo]^ 
to the odxBceEular fliiida. Removal of N-lioked ghicose xesidnes (trinmung is done by 
oellular enzymes, $uch as c^glucosidases) finm immatniB viial glycopioteins may play a 

10 nde in llie msgratbn of viral glycoproteins fiom the ER. to the Golgi. 

In one embodiment, a method is provided for idfintifymg anti-viral 
compounds, comprising contacting a host cell infected vMx a vims with castanospexmine 
and one other test con^iouDd or agent undei: conditions and jfor a time sufBdent to inhibit 
viral leplicationy and identi^ing a candidate agent that inhibits (prevents, slows^ 

15 abiogate8,int6ifinesv(ritb)ii]iftction,vi^ In certain 

ciiibodimeDts» the methods described heiran wsy be used to idenHQr a test compound that 
ads additively or synets^stioally when combined with castonospexmine. In another 
embodiment; a mefhod is provided iar idootifying cells suspected of having a viral 
infection, comprising contactmg a host cell suspected of being infected vdth a vims with 

20 castanoapeimine and one candidate compound or agerit mider conditions and for a time 
.sufficient to inhibit infection, vical replication^ and/or viral assembly, and identifying cells 
infected wifii a virus. Ftefbrablyilheviralmfbctioniscaiisedby or associated wi 
The assays described herein may be vsed to doteimine the therapentb value of a 
candidate cmnpound and/or combination and also may be useful for determining dosage 

25 pammeteis diat would be usefkd in treating a subgect in need thereof. 

In particular embodimenls, castanospennine is administered in association 
or in combmation (&^.» in an admixhure Or co^Kickaged or administered in such a manner 
that cQStanospeimine and the one other compound are available systemically or at the site 
of infection^ suoh that the anti-viM effects of each may be additive orprcfezably 

30 synergistic) when combined with an a^unctivethsmpentic. Ihonepcefbrred 

emboc&iexit, castanospemune is comlmied with an agent timtahers inunune function, 
such as intei&»ron-a, and in anoih^ preferred embodhnent castenospetmtne is combined 
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wifh aa agent that altars viral (eg. , Fl<t)nviridae) tepHcation, for efxainple, a niicleoside 
Bxmlog) sack as xibavirin (Sigiaa). In another embodiment; castanospemiinifii is combined 
or administered in associalio& witii an agent that alters an immime function, sucb as 
iixtex&xon-c^ or an agent (compound) that alftsrs viral replication^ sucb oa xibsviiin. 
5 fa oBs embodinigixt, the combmation of castanospamSnc and an. agent fliat 

alteEs iminuse fimetbn or the coniMnation of caatanospaimine and an asent tiiat aters 
viial replication act additively in liie subject lliat ia, the interaction of castanospeanine 
and another compound tesult in a fhenqpeutio effect (or anti-vijcal e£Ebot) diat is 
appocDadboiatBly equal to Ibo e£fect of each compound or agent if it were administered 
10 alone, 

A compoiuid or molecule that Has antl-vizal activily may* for exan3|>le, 
inhibit or ptovent infection of a cell (such as by preventuig binding or adherence of the 
virus to a cell); inhibit;^ Teduce, or prevent vizal replication or assembly; inliibit; reduce, or 
provent release of viral KNA. fiom the viral capsld; and/or itdiibit, reduce or interfere 

15 wilh the fimction of a HCV gene product AcompoandormolecnletliataltetsiinmKme 
flmctioii (incseafies or decreases in ^ atatilaticaUy significant manner or a clinically 
significant manner) prefiarobly inoreases or enhances an immmiB function or imnuuie 
re^onse against the infections vims. 

In a pre&ncd embodimeaxt^ the combination of castanospennine and on 

20 agent ttat alteocs inmrnne function or the combination of castanospermine and an agent 
that alters viral replication act sytUBrgistioally in the subject Two or more compounds 
that act synergistiDally internet such that the conibined ejGEbct of the compounds ia greater 
than the sum of the individttal effects of each compoond when administered alone (see^ 
e,g,, OozounoY et si,,AniiviK Jtes. 55:425-35 ^002% Beienbaum. Pharmacol JUav. 41:93 

25 (19S9)). An interaction betMreen castanospeirmine and another agent or conqpound may be 
analyzed by a variety of mechanistic and entpirical models (see, eig., Onzoimov et al.» 
si(pra). A commonly used approach for analy^dng interaction between a combinalion of 
agents employs the constmction of isoboles (iso-effect curves), In which the combination 
of agents (4,4) is i^piesented by a point on a graph, the axes of which are the dose-axes 

30 of lie individual ageuts (see, e,g„ Ouaounov et al, svpra; MacSynergy™ It software 
manual (Umveisily of Michigan. Ann Arbor, MI). Castanospennine in combinatioa wi& 
an agent that alters inunone function or castanoEpennine in coinbination with an agent 
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fliat alters viial leplicalian or anotiieragiBiit or compound descnbed herem act 
synsrgjstically or have a synetgistxc dfect when the vplnme of synergy produced a& 
oaloiUateid by the vohme of tic syneigy peaks is 15% greater than the additive effect (that 
i8» Hke effect of each agent alone added together), or that is 2-fold greater than die additive 
5 e&ct or that is 3- armcKBfciId gEBater than the additive eflEbct Synetgymaybe 
descrilied using the 3'dimensiODal (3-D} graphs and synezgiatic volume oalddations 
provided by &e Mae^meigy™ n software as a coinplemeatazy analysiB to iaobolograina. 
Aocordiiigly^ castanoGpermine in combmatian mik an agent that alters hnmnne ibnction 
or caatanospermine in combination with an agent that alteis viral xeplicatton, or another 

10 agent or compound dsBcribed herein, act syuergistically or have a synergistic effect when 
values esqnBSsed in /aMtol^ % or A«M(IUyml(well)Vo are between 25 and 50 pM/hil^ % 
or 25 and 50 )HM(rU)/inl(well)^% (minor but statisdoally significant); between 50 and 100 
pMAnl* % or fiMCIU)/ml(well)*% (modecato synergy); or greater than 100 % or 

|(M(IU)tel(well)^ (strong sjyneEgy). Buckwold e£ ah repotted fliat iibaviriD and 

IS intexferon-ain combination (which drug oombinatum is the cunent sfandaid of care fcst 
treating HCV infections) had a synergy volume cyf 66 ± 25 IU(>£g)/Qi[(wen) ^ 
(Antimicrob. Agents Chemother. 47:2293 (2003)). Aconibinationofcastanospenmne 
and mtorfezion-ty as described hemn had a ^ynet^ 193to244 

20 In certain embodunents, there is provided a composition corqprising 

oastanospermine in cambinatlon with a compound that inhibits the binding to and/or 
in&cilan of cells by FlavHitidae^ such as HCV. Examples of such compouxuls include 
antibodies that specificaUy bind 1» one ormoiei7ewfv6^^ HCVEl 
and/or E2 proteins) or to a ceU receptor to vduch the HCV The antibody may be a 

25 monoolcmal or polyclonal antibody, or antigen binding fragments thexeo^including 

genetically engineered cbimedc, humanized. sFv» or other sudi inunmoglobnlEDS. Other 
cDnqx3unds that prevent binding or infection of cells by a vims include 
ghioosaminoglyoans (such as heparan sul&te and suramin). 

Castanospennine may also be combined a compoimd that inhibits the 

30 telease of viral KNA fiom tiie viral capsid or inhibits the ftmction of Flaviviridas, such aa 
HCV, gene products, inchiding inhibitDis of the IRES> serine protsaae infaibitoca^ helicase 
mhibhoiB, and inMbiiom of viral polymemse/replicase (see, e.g.» Olsen et al.^ Antindcroh. 
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Ageras ChemotJter. 48:3944-53 (2004); Stansfield et aJ,. Bioorg. Med. Chem, Lett, 
14:5085-88 (i004)). Inlubitors of IRES iiiclude> for example^ nncleotide sequence 
specific ajotifieme (see, e.g., McCaffrey etal^Hepatology3B:503-50B C2003)); smaU 
yeast RNAC^ee, e,g.. UaogetaL, WMdX Gastroenterol 9:1008-13 (2003)); or short 
5 interfeiing RNA molficiiles (dRNA) that mbibxt translaticm of mRNA; and 

cyanocobalamin CCNCbl. vitamiaBLZ) i:Memetal.^J. Mol Biol 319:1-8 (2002)). NS3 
PEOtease (heHcase) iisbibitoifl inelade peptides that are derived fiom NS3 substcates and 
act to Uock enzyme activity. Pcoteaao isbibitots designate^ BILN 2061 {see, e^g,, 
Lamane et al,. Nature 426:186-89 (2003) (Boehringer Ingelheim Phaima, Quebec) Emd 
10 VX-905 CVeitex Phaimaceruticala, Lie. Camhridge, MA) liaye beea investi^ted as 
potential HCV therapeutics. 

Xn another embodiment^ castanpspennine may be combined with a 
compound fhat pextorba cellular fundioiis involved in or jTiflnwiiri^Tig Flaviviridae 
icpBcatioii, or Oat directly alters Flavtvindae replicatioru iaclodmg inhibitors of 
15 RNA-dopendentW^Apolymfisraae oriiihibi^ of HCVp7 (ag., DGJ and derivatives), 
other inbibitois of glycoprotein piocefisjng (such as imtno sagars^ including 
deoxygalaotonojirimyciu (DGJ) BJid deojcynojirifflyrin (DNJ), and derivatives fliereof 
(e.g^N-hntyl-DNJ^ //-nonyl-DNJ, and long alkyl chain nnino sugars sucb as JV7- 
oxanonyl-DNJ, iV7-oxanonyl-DGJ)), imcleoside analogues including inMbitors of inosine 
20 monophosphate dehydrogenase (e,g , ribavirin, mycophenolic acid, and VX497), and 
. other antiviial coinpounds such as amantadine. (Symmetrel®, Endo Phaiamceuticals), 
limaTirHriinft (Plumadine®, Forest Phannaceuticab, Inc.), valopicitabine (NM283, Idenix 
Pharmaceuticals). 

In anoth^ embodiment^ casfisnospemune may be oombtned wifli a 
25 conxpottttd that acts to alter immune fimctian (incmaBe or decrease in a statistically 
rignificajit, clinically significant, or biologically sigmficant manner), pseferab^ to 
enhance or stimulate an hnmune function or an immune response against a Ftaviviridat 
infection. For example, a compound may stnnulate a T cell response or enhance a 
^ecrfio immune response {e.g., thymosiUHX, and interferons such as cc-mter£ferons and |3- 
30 intetfoons) ormay stimulate or enhance a humoral response. Eicamples of compounds 
that alter an immune fhnction inolude type I interferons^ such as interf€gfon-a(r0e^ e^g,, 
Nagata fi^ fl/., Naiure 287:401-408 (1980)), intetfi8iOil.p (5C8, s.gi Tanigudi et al.,Nature 
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285:547-49 (1980)), and inteiferoii-w (AdoU^ J. Gen. Virol 68:1669-76 (1987)), and type 
n interferons, sncli as intexfenm-^CBelardelli, APMIS jl03:l6h 1995) and interferon-y-lb 
(Alferon). Examples of intexG^n-a include inteiie^ 

iRDche), interferon-a-Zb (Intran A^ .PBL Biomedioal), inteifeion-a-con-1 (Infetgen)^ 
S interfe]conHx-n3 (Alfecon), albumm iiif!Brfbron-<3r(Albii&im-a]pM Human Genome 
Sciences, Roclcville, MD) and Veldona (Amarillo Biosciences, IncO' Examples of 
intBif^xoQ-P iaclndo intetfoon-P-la (AvonesO and intexfenm-P-lb (Betascron). 

IntieiEfisions may alter immune Amotion and alao may alter (inhibxt, pievent, 
abiDga6B» leduoe, or slow) replicaiion of a virus, such as HC V. The pzoduction of 

10 interferon-a and interfertm-P in vitally infected cells iaduces tesi^tancc to viral 
replication, enhanQQS MHC class I e)q>tessiotu increases antigen piesentation, and 
activates natuxal Idller cells (subset of lymphocytes that lack antigen-specifio surfboe 
receptors) to kill vbus-in&oted cells (i9ce« £.g., jBXiBw^yetaI.^inMmunobiology, 5lhe± 
New YcN±, London: GailandFublishmg^ (2001)). Tlnis»&ese interferons alter inmuiii& 

IS fimction by affecting bolb innate and adaptive immnmQr. 

In one embodiment, caatanospetmnie is admimatered in coniUnatlon with 
^eintBifeion, suohasinterfbzon-OL InteijEbioii-ahasbeenusedmfhetrBalmeoDtof a 
variety of viral infections, either as a monofherapy or as part of a combination flbiexapy 
(see, Gg, lianfe New Engl J. Med. 339: 1549-50 (1998); Hulton et al., J. Acquir. Immune 
. 20 5:1084-90 (1992); Johnson etd^ 161:1059-67(1990)). 

Inter&ron-abinds to cell sur&ce receptors and stimidates $ignal tiansduction pathways 
fliat lead to activation of eeiUular enzymes (e.g.^ donbleHrtianded RNA-activated protein 
kxnaae and RNase L that inhibit translation imtiafion and degrade viral UNA, 
respectively) that repress virus v^lication (see, Ag., Samuel, ClifL IfterobioL Rev, 

25 14:778-809 (2001); Eiiifinan,iV©cJ«tfili4c^^ I/jM 96:11693-95 (1999)). HCVB2 
glycoprotein and NS5a may block RNA-activated protem kinase activity such that some 
EC V strains are more resistant to inteifeion-c^ thus, combioation therapies of intarfeion-a 
and one or more other compounds may be nficessaiy for treatment of persistent viral 
infection (see, e.g., Ouzounov et al., supra, and references cited therein). In a certain 

30 embodiment, a polyethylene ^ycol moiely is linked to mtcrferan-oe Ocnown as pegylated 
interferon-e; pegmteifbiQn o»-2b (Peg^Intton®; Sc^edng-Flough or FBL Biomedical) and 
pegintciforon ot-2a (f'ega^®; HofiSnami-La Koche), which may have an improved 
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pbazmacoldnetic profile and may also manifest fbwer imdesiiable dde effects (see, eg., 
Zeuzem et al.. New Engl J. Med. 343:1666-72 (2000); Heathooto et d., New Engl J. 
Med. 343:1673-80 (2000); Matthews et aL, Gin. Tfter. 26:591-1025 (2004)). 

lDlerfeixm-c«-2a (Roferon$-A; HoffrnBTi'La Roche), Iiitefferoii-of-2fo 
5 (Intnm^-A; Schdrkg-Flougb)^ and idteffinon-ocon-l ObfeigenCg); Haternume) aid 

Improved far use as singlB agents m tiie U.S. for traaiment of adults with chronic hqpatitis 
CinfectiozL The i^cofimiQiided dose of hxtetfe^ 

ofaimaic hepatitis C infection ifi 3»OOQ,000 muts tbzee times a week;, axid admhtigtered by 
BubcutanBous or intramuscular injection. Treatment is adnnxdstered for six inonfhB to iwo 

10 yeaiB. For izitGifGaron-<)H:on-l, the teconmiiended dose is 9 thzee times a week for 5r$t 
time tzeatment and 15 /ig three times a week for another six months for patients who do 
not respond or relapse. IHiiing the treatment periods with any. of those xccombka^ 
mtetferons^ the patient must be monitored feir side effects, which mcliide fhi-like 
synqytomssdepiesfiioii, rashes, and abnormal blood counts. Treatment with intetferon 

15 aloiiB leads to a sustained response in less than 15% of subjects. Because of this low 
response rate, these interferons axe nuely used as a monotberf^ for the treatment of 
patieiits with chronic hepatitis C infectioiL 

The combination of an iniierferQaMX witii xibafvirin for lieating an HCV 
infection has been superior to either treatment alone, snd the combination is the cinrent 

20 standard of care. The effectiveness, doses, and fiequency of administration were studied 
m three laigp double-blind, placebo-^^mliDlled clinical trials (Roiohnrd et a/., Lancet 
351:83-87 (1998); Poynazd et aL, Lancet 352:1426-32 (199S); McHutcbison et al.» New 
Engl J. Med 339:1485-92 (1998)), (JSee also Bncfcwold et al, AniUnierob. Agents 
' Chernov. 47:2293-93 (2003); Bvui&oli, Anttndcrob. Chemother. 53:412-14 (2004)). 

25 Adverse effects associated widiribavixin include abncmnali^ Ribavirin 
' is also contraindicixtBd in patients wlio have anemia, heart disease, or kidney disease. 
Iherefore, alternative compositions, therapies, and fherapeattic combinatjons sudi as 
those described herein are neede± 

Castanospeimine may also be combined with a compound that modulates 

30 (preferably decireases or reduces the seventy or intensity of, reduces the number o^ or 
abrogates) the symptoms and efiEects <3iS&Flaviviridae infection, suob as an HCV 
infectiooa (&g., antioxidants such as the fbviooids), 
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Hie aigiinctive therapeutic may comprise en uiti-viral compound, for 
example, an anti-vital compound or drug tiiat is used for treatment of an infectious agent 
freqnenfly identified as co-infecting a subject who is infected wiih.Q.FIavivindae, sack as 
HC v.- Such co-infection may be caused by HBV, a hmnan retrovims such as HIVl and 
5 2, amd/or hxmm T-cell lymphotropbio virus QatrLV) type 1 or type 2. Examples of «rti- 
vital compounds include nucleotide levezBo imnsciiptase (RI) inhibiitiis ie.g,, 
Lamiviidine (STC), addovudine, stavodinfi^ didanosine, adefovir dipivoxil, and abaoavir); 
non-nndecmde RXinhibitocs (e^., neviiapine); and aspartyl pmtease inhibitoxs (e.^. 
saquinavir^ indiDavIr, and ritonavir). 
' 10 Ibe adjunctive therapeutics diecussed herein may be administezed 

ooncunemfy as a shigle composition in a phazmaceutically acceptable cairier, or 
concuTTBufly as separate compositional each having a pharmaccutically acceptable cairioi. 
In another embodiment^ ^ castanospemiine and adjunctive thetapeutic can be 
sBquenHaDy adrntmstered, or in any combination thereof (e.g., castanospemune first and 

15 adjunotivB tlierapy second, or adj^ctxve ibempy first and oastanospemime second). 

Furthermore, if mote tibancne dose of tibe coaflrit^OQ therapy is administeied, &e order 
of die sequential admirbstrataon can be changed or kept tbe same at each time iKdnt of 
admixiisiration. Methods for detenuining the efGscts of aixy combination therapy 
described herein may be determined by methods described herein and routinely practiced 

20 by a skilled artisan, such as determiiiing whether an immune response has been altered, 
determining whether symptoms or effects of a Flaviviridae inaction have been 
modulated, or determim'ng vrtsiker flaviviridae replication has been altered (preferably 
adversely a£EBcted, prevented, deoreased^ inlnbitBd or abrogated vital leptication). 

As desraibed herein, BVDV is an wrt-aacepted surrogate virus for use in 

25 cod cnhoxe models (Sttf3fver et aL, supra; Whitisy e/ a/., supra), Assoys may tiierefiire be 
perfbmied using bovine cell lines, sudi as bovine kidney cells (MDBK) and boviiM 
turbinate (BT) cells, using a cytopafliic strain of BVDV such as tiie NADL strain 
(available from ATCC, Manassas, VA) that causes cytolyeis of infected cells. Exemplary 
assays that may be performed to deteomne whether castanospeonine alone or in 

3 0 combination with another compound^ agerrt, or molecule may be useful for treating a 
Flaviviridae infection or inhibiting or prefyeiiting a Flavtyiridae infection include viral 
plaque formation assays, cytotoxicity assays {see, &g., Buck>vold et al^ Antitntcrob. 
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Agents Chemother. 47:2293-9g (2003); Whilby et aL, supra), vitDS telease assays, cell 
proliferation assays {e,g., nouradioaoftive MTS/PMS or MTT assays, or radioactivB 
Hiymidmc iBOOxporatiQn as$£^), and other assays described herein and known and 
practiced by persons Skilled in the art. Ibe data ftom these assays when ca^tanospennine 
5 ate analyzed in cambmadoik with another compound, such as data obtained fiom the 
cytofixxicily assay, may be analyzed as described herein to detenmne wheflicr Xtub agmta 
mtaact to provide an additive edETcct or a syne^^ 

The inventioii also lelatBs to phamiaoeutical coorpositions ftat contain 
oastanospennme in combination widi another compoimd used to treat or ptev^ a viral 
10 infection (&^., HCV). The invention furtiher lelatdfi to methods fur treatmg or preventifi^g 
viral infections by administering to a subjeot oastanospetmina in combination with one 
other ccmpound^ wherein each component is administered at a dose sufficient to treat or 
prevent a viral in&ction, as described heiem. The castanospennine and coznbinationa or 
cocktails of such compounds^ aie prefeiably part of a phannaceutical compositiain when 
IS . used in fl» methods describdd hereto. Castano sp e uuhi e may be administered in 

combinaiioii wilh anoliieir compound described herein by administering each compound 
sequentially to a subject, tliat is, castanospermine may be administered prior to 
administeition of another compoundi after admimstcation of another compound; 
alternatively castanospermine may be adininistered oonouirently with another compound 
20 Por sequential or concuiient administratiQn of each compound (molecule^ agent) of a 
combination described herein, each compound may be administcied by the same or 
diffetent xoutes in tbe same or different foimfulations, which axe described herein and 
determined, inpar^ acoordiiig to the pioperdes of the con^pounds. 

In one embodiment, the invention comprises a pharmaceutical consposition 
25 oonoqprisiiKg castanospeimine aa described herein (or a phannaceutioal salt fibexeof) and a 
phaxmaceutically acceptable caxrier, vehioie, or excipien^ and optianal additives (pig^ 
one or more binders, colorings^ desiccants, stabilizers^ diluentB, or ipxeaervatives) for use 
in the methods of treatment described herein. Similarly, an adjunctive thers^y, such as 
inter&ron-02 or ribavirin, may be combined v^oili a phatmaceutically acceptable carrier, 
30 vehicle, or excipient^ and optional additives. Pharmaceutical compositianfi comp rising 
inter&ton-a or ribavirin may be prepared according to mefliodB known and practiced in. 
the ait for preparing these compomids ^ admioistration to a subject, 

19 


wo 2006/037227 


PCT/CA2005/001528 


As set forth hexsiii, castanospermine mi one mote at^imctive liiBrapduflc 
campomid or molecule may be included in a phaxxnaceutically aooeptabte caziier, 
exdpient, or diluent for adnmuEliatioiLto a subject in need thereof in an amount effective 
to treat or prevent a Flayiviridae infection, paiticulariy, an HCV infection. In certain 
5 embodiments, a dose of active coinpound(s) for all indications described hcxein is 
administeied in a tax^ fiom about 0.01 ms/kg to about 300 mg/kg per day, pieferab^ 
about 0.1 n^g/kg to about 100 mg/kg per day^ or more piefeiably about 0.5 mg/kg to about 
25 body weight of the recipient per day. A topically administered dosage can 
range £tom about 0.01-3% wt/wt in a suifiabte canier. Intorferon-oe or ribavirin when 

10 administeTBd in combination wiCbi castanospemune may be administBred according to 
dosing regimens known and practiced in the art (see, e,g., Matthews et a!., supra; Foster. 
Semin LtverDis. 24 Suppl 2:97-104 (2004); Craxi et at.^ Semin Liver Dis. 23 Suppl 
1 :35-46 (2003)), or the dosing may be adjusted when administered with castanospennine. 
Tb& active ingredientCs) aie piefoably administerod to achieve peak 

15 plasma conoeotFations of about 0.001 jiM to about 30 pM, ^d preferably about 0.01 jiM 
to about 10 jiM. This maybe acfaieived, for exan^le, by intravenous injection of a 
compositiofL of a formulation of castanospenninei optionally in saline or oftier aqueous 
medium. la ano^}cr embodiment; ca&tanospermine is adminiBtenBd as a bolus. 
Castanospenniiie and other conrpounds used in the methods of treatment described herein 

20 may be admini^red orally, or intramuscularly, mtmperitfmeally, subcutaueously, 

tcansdermally, via an aerosol or by inhalation, rectally^ vaginally, or topically (including 
buccal and sublingual adniinistrati<m). 

The conoentration of an activa compound in a pbannaceuiical composftiott 
win depend on abGorptlDn. distiibntiorC inaotivation, and eooBretion rates of the conqsound, 

25 aa weU as other factors Imown Id liiose of sddll in the art. The dose will also vary with &e 
severity of the condition to be alleviated. Specific dose regimens (including i^eqaency of 
dose administration) may be adjusted over time according to the individual sui]geof8 need 
and the professional judgment of the person administering or supervising the 
admimstration of the compositions. The dose level and regimen wiU depend on a variety 

30 of fkctors, inclodii]^ fbe age, body weight, diet, gender, general healthy and medical 
history (including whether Ihe aubject ia co-in&cted wifii another virus^ auch as HBV or 
HIV). Accordingly, (to concentration ranges set forth herein are exemplary only and axe 

20 
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not izitBnded to limit the scope or praotige of the claimed compositioiis. The active 
ingredient may be administered at once, or may be divided into a munber of smaller doses 
to be administered at vaiying intervalfi of time. 

The oon^ppsLtkma for pharniaceutical use as descnbed bexdin may be in tiie 
5 fatta of a Idt of pads. Tbe kit may compdse, for eocaxnple^ castaiiospenniiiey as erne 
conq>onent of the composittcm in imit dosage fonn, and may also comprise aa agent diat 
alters imrmme fimction (fi-g-, interfbEDn-o) or an agent that alters viral teplicatiQii (such as ' 
rifaarvionX each in the lespective dosage nnit fonxL The kit may include instmctions fbf; 
use and otiier relevant informations as well as information neqoiied "by a zegulatoxy 
10 agency. 

Oral coxnpositions will generally include an inert diluent or an edible 
carder. They may be enclosed in gelatmcapsndes or coinpresscdizitDtable^^ Fox the 
puipose <Kf oral theiapeutic adminlstiationi fte active coinpoimd oan be incoipoiated with 
excipieots and used in file form of tablstSi tFocbeSy or capsules. Phaimacautically 
15 compatible binding agents, and/or a^vmit materials oan be incbided as part of the 
oomposilion. The tablets^ pills, o^^solesy troches and Ihe like oan contain any of the 
Allowing ingtedientB^ or compounds of a similar nature: a binder such as miciocrystalline 
cellulose, gum txagacanfii or gelatin; an excipient such as starch or lactose; a dispersing 
agent such as alginic acid, Prizaogel, or com stamh^ a lubricant such as magnesium 
20 steaiaie or Sterores; a glidant such as colloidal silicon dioxide; a sweetening agent such as 
sucrose or saccharin; or a flavoring agent such as peppezmini; methyl salicyXatei or orange 
flavoring. When flie dosape uidt fiaan is a capmilgy it can isofiifainj in tttlA^i^m tn Tnwfa wfti 
ofthe above ^ype, a liquid canier such as a fiitty oil. In addition, dosage unit forms can 
contam various other materials that modify the physical finm of ihe dosage unit, fbdr 
25 e^^amplc, coatings of sugar, shellac, or enteric agents. See generally '^Remington's 
Fhaixnacetitical Sciences^** Mack Publishing Co., Easton, FA. 

The active contpound orphaimaceuiically acoeptable salt or derivative 
tiiereof can be administered as a component of an elixir, suspension, syrup^ wafer, 
chewing gum or the like. A synip may contain, in addition to the active compounds, 
30 sucrose as a sweetening agent and ceztala pzeseivatives, dyes and colorings, and flavors. 

The pharmaoeutical cosnpositian described herein will prefembiy hiclude' 
at least one of a phannaceutjcally acceptable vehicle, carrier^ diluent; or excipient, in 
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addition to castanospennine^ and odiier cowpofntats or active ingredientB (suoli as othor 
anti-fiCBV drag), including agents tfiat alter viral rq^lication or alter an inmimiD function 
or iBspons^, and/or an agent tbat is an snti-EepadnaviHdae (e,g., anti-HBV), which are 
descnbed in detail herein. A oompositioiioftteinvezitioii may have a variety of active 
5 ingredients, such as cafitanospenmne or phannaceuticaUy acceptable salt tiieieo^ or a 
coddail or combinaticm of widi one or mote antibioticB, amtrfiingjaiB^ anti-inClaininatoiy 
agents^ or otiier anti-viral compound. 

Fhannaceuticany acceptable carriers suitable for u$e with a composition 
may include, fiir example, a thickening agent, a bufferitig agents a solveni; a humectantv a 
10 pieservative, a chelating agen^ an adjuvant, and the like, and combinations thereoC 
Phaimaceutically acceptable carriers fiar therapeutic use are wall known in Urn 
phazmaceutical ari; and aa desoxibed herein and, for example, in Remington's 
PharnuweuHcat Sciences, Made Publishing Co. (A JL Gennaro, ed., 18^ Bdition, 1990) 
and in CMC Handbook qf Food, Drug, and Ccm^cExdpi^tt, CRC P»88 LLC (S.C. 
IS Sm0linski.ed,1992). 

Solutions or suspensions used for parentsrali Datraderaaal, subcutaneous* or 
topical application can inotude the following components: a sterile diluent such as water 
for injection, saline solution, feed oils, polyethylene glycols, glyceriii, propylene glycol 
or other syntketic solvents; anti-bactedal agents such as benzyl alcohol or me&yl 
20 paiabenSi antioxidants such as ascorbic acid or sodium bisoliite; chelating agents such as 
efliylenediaminetetiaaoetic acid; buflfets such as acetates, citrates or phosphates and 
agents for the ai^ustmBDtoftonki^ such as sodium cUon Theparenteiral 
prepamtion can be enclosed in ampoules, diqiosable syringes, or multiple dose vials made 
of glass orplastic. If administered intravenously, prejfetred carriers ate physiological 
25 saline or phosphate bufEbred saline (PBS) or an adjuvant Exemplary adjuvants are alum 
(aluminum hydroxide, REHYDRAGEL®); aluminum phosphate^ vitosomes, liposomes 
with and without Lipid A, Detox (Ribi/Corixa)^ MF59; or other oil and water emulsions 
type adjuvants, such as nanoeraulgions (see, eg.. U.S, Patent No. 5,716,637) and 
sttbmicron eouilsicms (^ee, ag., U.S. Patent No. 5,961,970)» andFreund's complete and 
30 incornplete. In pie&ixed embodiments, a phannaceuticalcoinpoflition is sterile. 

In certain embodiments, fiie active co^^lounds aro prepared with caxxiecs 
that wlQ protect (he conqiound against rapid elimination &om the bo4y, such as a 
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eontiDBed lelease fbmiiIa1ion» TTM^inHiTig implaots and micEoencapsulated dDliveiy 
systems. Biodegradable, biocompatible polymers can bi^ used, such as etiiylenc vinyl 
acetate, polyanhydxides, polyglycoJic acid, collagen, polyorthoesters, aiidpoly1ax:tic acid. 
Mefhods foi preparation of such fonnulations will be appaient to ttiose sldlled in flid ait. 
5 For exaiopls, as is known in &a ait, some of these materials can be obtained 

commietcially from Alza Corpozation (CA) and Gilfoid Fhannacenticals (Baltimore, 
MD). 

Liposomal soqmnfiions may also be pthHimaceutioally acceptable caxdets. 
These may be prepared acooiding to metfiods kaown to tisiose skilled in ftue art (for 

10 example^ U-S. P&tentKo. 4,522,81 J; U.S. PatentNo. 6,320,017; US. Patent No. 
5,595,756). For examples, liposome fiMmuIations may be prepared by dissolving 
apprcspriata lipid(a) (such as steaioyl phosphatidyl ethanolamine, steaioyl 
phosphatidyicbolind, araohadoyl phosphatu^lcholine. and cholesterol) in an inorganio 
solvent fhat is ^en evaporatsd, leaving behind a thin fihn of dded lipid on the sur&ce of 

15 the contains. An aqueous solution of the active compound or its monophosphate* 

diphosphate, and/or tnphosphale deixvatives axe then introduced into the CQntainer. The 
ccmtainer is then swfaledby hand to fiee lipid xoatBiial iiom the sides of fhe conteiner and 
to disperse Upid aggregates, thoel^formu^lfaeliposon^ Hydiophilic 
compounds, such as castanos pc r mm e, may likely be loaded into the aqueous interior of a 

20 liposome. 

All U.S. patents, U.S. patent application publications, U.S. patent 
applications, forei^ patents, feieiga patent applications, and non-palent publications 
iBfened to in ^ speciiScalion, are incciporated herein by lefoence, in thdpr entiretsr. 
The fbllowing examples are intended to illustcate, but not limit; the invention. 

25 
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EXAMPLES 
EXAMPLE 1 

PROTEcnoN OOP MDBK Ceuls fromBVDV-Inducbd CYroTOXicmr 

BY CASTANOSPSItMXNB. ImierfEROK-oSB AMD RBA VltUM 

5 Cell prolL^tkn Bsssys were peifoxmed using a nonnRidioactivo cell 

pzoli&Btioii MTS/P]V£S assay (MTS: 3-(4fi'dhafffihy^^ 

plieiK/l)-2-(4-suI&plieEyl)-2H^^ (Promega CoEpozatioz^ Madison, WI); PMS: 

phoiaztiieiiiethosul&tBCSigmaAldzu^ MDBK cells wero seeded into 

96-weU plates at a density of appOTdmetely 2 x 10^ cells per welL The cultures were 

1 0 incubated 3-24 hours to pennit attachment of the cells to the plates prior to infection and 
addition of compounds. Hie appropriate number of PFU of BVDV were added to each 
well to acMeve the desired MOI (0.1 or O.OI); the cells were exposed to the vims diluted 
at the appiopiiBto GonoentiatiQn in phosphate buffered saline (PBS) containing 1 % hoxse 
serum fbr 1 to 2 hours. The viiusinoculam was then removed and the ceUawGrov^^ 

15 wifh PBS coniaimng 1% HS. The test con^onnds, castaaospermine^ nbamin, and 
intBacfezanrOc were dissolved in cell growOi media with 2% HS and added to &e cells at 
varying conoenlmtions, and then incnbatad at 37^C in the presenoe of COi for 3-4 
days. UnmfBcted cells and infeofed, untreated cells (f.a, without compound) were used as 
additional controls. After the 3-4 days of incubation, a combined MTS/PMS solution was 

20 added into each well assay plate containing 100 fiL of cells in culture medium to obtain 
final concentnalions of 333 ^g/ml MTS and 25 ixMPMS. A speotrephotometer plate 
reader was used to measure the absotrbamoe at 490 nm after incubation of tiie 96-wen plate 
for 1 fD4 hours at37*X^ in abumidified, 5% OQz atmospbeiB. The mean absoxbance in 
eacb set of tcQ^Hcate wells was determined, Antivital actlvily was measured as MTS 

25 conveisiDn zdative to fte difibrential between the ctmversion for cell (non-infectBd) and 
viral (non-drug-tpeated) controls. The cytopathic effect (CPE) reduction for each 
concentradon of the tested compound, which correlated with andviral aotrvity^ was 
calculated as follows. % CPE reduction [(1>']SID)/(NT-ND)] x 1 00, in which 
D (drug-tceated) is the absorbance of drug-treated cells; ND (non drag-treated) is the 
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flbsorbance of imtreated infected cetb; andlNI (non-MeotBd) is the absotfoance of 
naD-in^edcellfi. Hie data axepres^nfed in Table 1. 

Table 1. Protectkm of MDBK Cells ftom BVDV-Induced Cytotoxicity 



MOI^COl 

MOI^OJ 


Compoxxnd 

ECso 

ECso 

CCso 

Castanospetmine 

61.5 ± 15.4 

177 ± 14.5 /*M 

>1000 

Jntezfb£onpCi2b 

19.4±6IU/woU 

96.5 ± 22 lUAvell 

>300IU/w8ll 

RibaviTin 

4.4±2jiM: 

9±l/iM 

57 + 34^ 


+IU - interferon units 


5 Hie iBpiesentB the conceniiaiiQii of tho dzug that protects 50% of the 

cells fiom BVX>V indnced cytotoxicify (Le., 50% CPE zeductioii)- CC50 equals tfae 
concentration that affects fte viabiliiy of 50% These lesidts indicaiB 

that each of the tested compounds liave an anti-virai effect, whioli voBy be dbeot or 
indirect Examples 2 and 3 disclose that the antl-viial effect is actually due to a direct 
10 effect on Ibe vims. 

EXAMPLB2 

2hr Vmo MoBTnON of BVDY Relhase from MDBK Cells 

BY CASrAKOSFERMTNB, iMEBIBRabHsSB AND RlBAVmiN 

Madin-Datby Bovine Kidney Cells (MDBK) (Amedcan Type Culture 
15 Collection (ATOC), Manassas, VA; ATCC CCL22) wece seeded into 96-well plates at a 
density of approximately 2 x 10^ cells per wbH in gixiwlb mediom (e,g., Dtdbecbo's 
Modified Ea£il68 Medimn (DMEM); Gibco/OntBiio, Canada) containing 2% heat 
inactivated horse serum (HS). The cell cultures were incubated 3-24 hours to allow 
attachment of fiie cells to the tissue culture plates prior to infection and addition of 
20 compounds. The appropriate number of plaque forming units (FFU) of BVDV strain 
NADL (ATCC VR-534) diluted in sterile PBS containing 1% HS were added to each well 
to achieve the desiied mult^licity of infection (MOI) (about 0.01). The cells were 
esqposed to the virus at 37^C, 5% CQa for l^honrs. and then washed m Thetest 
compounds, dissolved in ceU growth media widi 2% HS, were then added to llie cells at 
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vaiyiag canceatrations. The plates were incubated at 37°C, 5% CO2 foi 24 liouts (one 
cycle of BVDV replication). The 96-w»ll plates were then centri&ged at low speed to 
pellet the cells. The supernatant was serially diluted and used to infect a new monolayer 
of cells in I2-well plates. The cell monolayer was ftien overlaid wifh 0.5% agarose 

5 dissolved in cell growA media with 5% HS containing (1) oastanospfloanin© (Phytex, 
Australia); G^) ribavirin (Ribavirin, Sigma); (3) ]FN-o2b (PBL Biomedical Laboratories, 
Pisoataway, NJ); or (4) alone (t&t no added test compound). The treated cells were 
incobfited for 3 to 5 days at 37*0 mider 5% CO2, fixed witfa fonnaldfihyde, stained with 
crystal violet cm: methylene blue, washed in double distilled watHr> and finally air dried at 

10 ' room temperature. Virus plaques fbmaed were qpantified hy manual counting, and titer 
was determined. The data are presented in Table 2. 


Table 2. lohibitiou of Viral Sdldase 


Compcmi 

ECao 


Castanospeimine 


83±aifiM 

Inteiferoii-ct2b 

0.4IUAKFeU* 

M±0.4IU/Well* 

Ribavirin 


4.9±1.9fiM 


*IU *^ interferon umtB 


The EC50 is the ooncaiitralion of compound that inhibits 50% of viml 
15 leleafioinihe tnedia of infected censcomi»red tote unfaMtedco^ Tlese results 
support the data found in £xample 1 and fiwftier demonfltrate that each of % tested 
compounds have direct anti-viral effect, which indicates that HCV would also be directly 
inhibited by castanospeiminB« interferon and ribavkhL 

EXAMPLES 

20 PLAQUElNHiBmaN Assay 

The BVDV virus stock was serially diluted in phosphate buffered saline 
(PBS) containing 1-5% horse serum (HS). MDBK cells were grown to confluenDe in 
culture dishes and were infected at 37 with BVDV at various multiplicity of infeotion 
(<1 to >0.Q01). After L5 bonis of adsoiption, the i»ocnlum was lemoved. The cell 
25 monolayer was overiaid with 0.5% agarose dissolved in cell growth media containing 3% 
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HS witt and without test compcrandCfi) (castanospcnniiic, ribavirin, or IFN-oc). Hie dishes 
■were incubated for 3 to 5 days at 37^ nnder 5% COz. The monolayer of MDBK cells 
was fixed wsth fonnaldelayde, stained with rayslal violet or methylene blue ecoording to 
standaid methods, and then washed in double distilled water. FoQowmg washmg. the 

5 plates air dried at loaxn .tentpcxatoxe. The virus plaques fonned in the MDBK cell 
cultDies weie quantified by manual couating. Tho inhibitoiy activities of test caaaapounds 
weze detetmbed by CAleulating Hie percent '(%) iBduction in plaques as foQowB: % 
reduction in plaques (nnmber of plaques (drag-teeated infected cells) divided by nnmber 
of plaques (ooidiol (no compound) in&cted cellB)) x 100. Hie data axo ptesenled in Table 

10 3. 


Tabic 3. Plaque Reduction Assay 



EC5D 

, CCSD 

Castanospennine 

110+82^ 


Interfbron-o2b 

8.5 +4.4 lU^ 

>100IU 

Ribavkin 

9.1 ±.63 iM 

250 MM 


^JJJ = inteifbion resistance units 


The ECflo is the concentration of compoimd that inhibits 50% of viral 
plaque fbrming units as compared to an unbeated control. These results fbither 
15 demonstrate, as did Example 2, that each of the tested compounds has a direct effect on 
viral proliferatiQn. 

EXAMPLE4 

Synergism and CYxoroxiCTry of Castanosperminb in Combinahon 

wiTHlNF-o2b ORRlHAVIRJNf 

20 A cytopaHuc assay was performed to determine the potential of 

castanospeimine to act eynerglstioally with interferon-oflb or ribavirin, A two-way 
combinatiQii assay was performed with average backgrounds and color-conected data in 
an inhibition-of-cyfcopafhiQ effect (CPE) assay as described below. The two-way drag 
combhiations were acMeved by creating a "dheok^oard," with one dmg being titrated 

25 hoxizDntally and the otiier drag titrated vertically on MDBK cells inftcted with BVDV at 
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an MOI of 0.01. The same approach was used on non-infected MDBK cells to look at ibe 
efifect of flie combination on the cytotoxicity of fh© drugs, Eaoli two-way combination 
was perfonned twice. Hie EC50 tcpresents concentration of conapound llmt ptovides 
50% protection of BVDV-induced cytotoxicity (CPE). The ECjo data were analyzed 

5 using a MaoSymergy® software progtam (gift fixwn Marie Pricliacd, Univetsily of 
Alabaxua, Tnscaloosa, AL) to detennine any synez^gistic efGbct (see, e,g., Ouzomiov et al,^ 
supra; Buckwold et al, Anim^b. Agents Chemother. 47-^93, 2003). 

Hie EC^ values of one antlvital deAvedfi?om the additUmof a seeoad 
' antivizal dose weace plotted against Ibe concentiation of the second antiviral to create an 

10 iBobole (dose paii), and aH 'die isoboles weie plotted in an isobologram to detexmine file 
presence of synergy, antagonism, or additivity. A line of additivity was plotted by 
connectbig the monotherapy EC50 values of eadh of the two test compounds (te., 
castanospermine and interferon or castanospeimine and ribavirin). The line oonneoting 
the manoibeiapy BCsq values represents the theoretical additivity effect values tor two 

15 confounds. Isoboles of conilixQaliaa tEeatmeots bdow the additivity line iodicate 
synetgy, while isoboles above flu additivity line indicate antagoaism. The percent 
cytotoxidlly (or % viability) of each cozzqiouiid alone and in combination on MDBK cells 
was also detmnincd and used to calculate CC50 values. The CCso of an antiviral is the 
dose thai causes cytotoxicity in S0% of the cells when compared to untreated cells. 

20 111 combination with the iaobologiams,MacSynergy™nsoftwTO 

used to obtain fhe percent synergy or percent of antagonism volumes for the double 
combination data. The calculated additive interactions were subtracted from the 
expenmentally delsmuned values to xeveal the regions and coxxesponding drag 
concentrations at wMch a synergistic (indicated by positive % values) ot antagonistic 

25 ^dicated by negative K values) efifect is observed. Hie borizontsl plane at OVo 

xnhibxtionifiitteaents the additmty (additive smfece). Ibe gradation in gray, a shift ftom 
light to dark, indicates the level of synergy. The 95% confidence intervals for the 
experimental dose-response surfaces were used to statistically evaluais the data. 

Table 4 lists the concentration ranges for each compound that were used in 

30 each experiment 

Table 4, Conc entration Range Tested 

CompouDd Experiment 1 Eaqperimeatl 
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Osfazsospexmine QiM) 

3.7-300 

6^15-100 

Bibavmn (mM) 

037-30 

0,25-20 

Interferon o2b (lU/mL) 

0.40 -250 

0.08-50 


Initially, as was dbne in Exampte 1, individual compound potency (ECjq) 
for iDhibitiofl of BVDV-lnduced cytopathic effects in MDBK cells was determined foi 
each combinatioii experiment (see Table 5). MinmiBl 
vaiiability in fodividual drug potency was observed. 

5 Tables. Pix^tectLonofMDBKCdaGfinmBVDV-lDdiicod 
CytotaricityCECso) 


Castauospermiiie 

Interferon cUb 

Ribavirin 

59±16mM 

l9±61UhDL 



■ Dose Effect on ECg g 

The BC$o of castaiuispennmB dioweda dose-dependei^ 
indeamng cooacentratiDxis of lo fteifBL u n -Q&b (Table Wifli an incceasmg concentration 
10 of inteifeioiL-oSb &om 0 to 60 lU/niLa the ECso of ca£taxx)spennine decreased fiom 52 
jiM to <1 }iM with a about a SO-fold decrease at 20 lU/mL intejrferon-a2b (Table 6), 
Similariy, with an increasing concentration of castanospermine &ain 0 to 100 \iM, the 
ECfo of inter^eron-cab decreased from 16 |iM to <1 with about a 2-fbld decrease at 
1 1 fiM of castanospezmine (Table 6). 


15 Table 6. Dose Effecte onECso 


Average Castanospermine ECso (fiM) 

Interferon-aZb added (lU/mL) 

0 

0.7 


6J 

20 

60 

Castanospermine EQst) (pM) 

52 

39 

19 

12 

1 

<1 

Average Inferfcron-flab EC50 (W/mh) 

Castanospermine added 

0 

12 

3.7 

11 

33 

100 

Inleiferon-e£tb ECso QUAnL} 

16 

18 

13 

7 

1 

<1 
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r?Vy " r^tnhiTiirfifln Efficacy 

A greater positivB peiKeat (synergy) volume is indicative of a synergistic 
BflGbct. Values less ihaa 25 fM/rdl^ % or 25 fiM(nJ)/xnl(well)Vo are iasignificailt; values 
between 25 and 50 ^iM/ml^ % or ^5 and 50 ^iNl(nJ)/ml(wclI)Hs are considered minor but 

5 dgnificaiit; values between 50 and 100 pM/xnl^ % or /iMatr)/inl(well)Vo indicate 
moderate synergy that may be indicative of a significant synergiBtic effect in vivo; and 
values greater fhan-lOO jKM/mf % ox ;lM(IU)/ml(welI)^^ indicate strong synergy IJiat is 
likely indicative of a sagntficant synergistic e£fect nft vivo. 

The casfanospennine with intetfenm-oSb combination demonstrated 

10 sttOJQg synergy in efficacy against BVDV-infected MDBK oeQs CTable 7)> and no 
significant antagonistic effects at any combination of concentrations tested (> -25 
/iM(IU/niL)%; aiiy value less tlian -25 /iM(IU/mL)% is a significant antagonistic effisct). , 
Synergistic peaks were located at castanospermine concentrations between 25 \M and 
33 ^ and an inteiferonrC^Zb concentratiott of 10 lU/naL (see Figure 1). Analysis of tiie 

15 fff?mb*'"»*^'^ data using isobologram grapbs oonfEnns the strong synsigy observed; for 
exami^, at 10 lUAnL of interfeton-cfflb, the ECm of castanospennine is reduced by >7- 
fold wMIe a less Hian 2-fold reduction was expected (see Figure 2). 

The eastanospemiine with, ribavirin combination demonstrated moderate 
synergy in efficacy in BVDV-infected MDBK ceUs (Table 7). Synergistio pealcs were 

20 located at castanospermine conoentradons between 10 fiM and 50 and ribavirin 
concentrations between 1 jjM and 6 |iM (see Figure 3). The maximum percent synergy 
reached was between 22 iM^% and 3 1 ]zM?% (see Figoie 3). Antagonistic effects in 
efficacy (-145 /M^^) were observed at very high concentrations of tiie compomids - for 
example, antagonistio peaks occurred at a oastanospermine concentratiGn of 300 jiM and 

25 a ribavim concentration of 30 )iM,whidi are wdikdy to be relevant The 
maximuni percent antagonism leocbed was i^proximately -68 jiM^. Isobologram 
graphs derived fixttn the combination of castanospermine with tibavirm also indicate 
gynergy between castanospermine and libavirir^ for example, at about 2 jiM ribavirin, Ihe 
EC50 of castanospermine is reduced by 2 to 3-fold wbile less than 2-fbld reduction was 

30 expected (see Figure 4). 

The iutsrfbron c{Zb with zibaviiin conibxnation demonstrated modeirate 
synergy m eflScacy (68 AiMClU/mL)%) against BVDV-infected MDBK cdls (Table 7). 
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Similar volume of synergy has been reported in literature by Bucfcwold ei at,:, 2003. 
Synergistic peaks were located at mterfeton-ofib concentrations between 2 lU/mL and 10 
lU/mL and ribavirin oonconttationB between 0.7 {iM and 3.3 |jM (data not shown). Ihe 
maximum percent synergy reached was between 20% and 30%. Antagonifitio effects m 

5 efficacy (-102 iM{JU/mL)%) were also observed high ooncwitrations of drugs, with 
antagonistie peaks occurring at intedSam-^ab concentations ^0 ICJ/mL and ribavuin 
Goncentcalions of ^0 \flsL The masdmnm percent antagonism veaobfid was 
BppnizimafBly-63ftMCttI/niL)%. Isobologcam graphs deiivedftom the combination of 
intearferon oflb wifhribaviriii also indicate that there is synergy between inteiferon-ofib 

10 and ribavirin; for exanqple at about 10 lU/mL interferon-Dafe, the EQso of ribavirin is 
reduced by up to >6-fbld, while about a 2-fold induction was expected (data not shown). 


Table 7. Effica^ Synergy Volume of Double Comhinaiian TreatmiBTit 


Combination 

ISfBcstey Syncrgy(95% CS) 

Cafitanospenninc / EFN-ofitb (^tM(rU/mL)%) 

231 ±52 

Castanospetmine / Jflibavirin %) 

$7±11 

Bibaviritt / IFN-oflb (iMQU/TnL)%) 

68dbl 


d — ConfidBDce Mterval; IPN-ci2b " XntBcfenm oQb 


ponhlB Combiiifttion Cytotoxicity 

15 A greater negative percent (antagonist) volume is indicatiivo of the 

combination having lesser impact on oylDtoxichy. A value of less than -25 /iM(IU/mL)% 
is considered a significant antagonistic effect (i.e., no significant oytotoxicity). 

The castanospennine with in(erJ(eiuu-^Ck2b combination demonstrated 
moderate antogonistie effects in cytotoxicity (-63 |iMCIU/mL)%) in uninfected MDBK 

20 cells, while no synergistic effects (> 25 ^(IU/mL)%) were observed (Table 8). 

Antagonistic troughs weie located at castanospennine eoncentrationa between SO [iM and 
100 jiM and iiderftron-Dab concenlratianB gieater tban 0.4 lU/ml* (see Figure 5). The 
naodmum percent antagcmism reached was between -9% and -17%. 

The castanospennine with ribavirm combination also demonstratsd 

25 moderate antagonistic effects in cytotoxicity (-46 pM^) in mihif ected MDBK ccHs, 
while no synersjstic cytotoxic effects (> 25 juM^) were observed (Table 8). 
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Antagonistic troughs vme located at castaoDspexniine coxicenttatioiis of gceatBi fhan 20 
|iM and ribavinn concentrations of apprcndniately 3 pM. The maxiflnun peiccnt 
antagonifini teacbed was between -6% and -7% (see Figure 6). 

The inteifeion cQb with libaviiin combination demonstrated moderate 
5 antagonistic effects in eytotoxicity Tvith an average of -83 (]U/mL)% in nrnnfected 
MDBK pells» while no significant synetgisiic d&ets 25 (iMVo) were observed 
(Tables). Antagonism was quite iini£axmtbiougb^ 

entiviialB witb no region experiencing significaniiy higher antagonism €baa otiier axeas 
(data not fihown). Iliemaximnmpen^anlagomBm reached was between --8% a^ 
10 18%. 


Table 8. Cytotoxicity Antagonism Volumes of Double Combination Treatment 



Cytotoxicity (95% CI) 

ComblnffUoiL 

Synergy 

Antagonism 

Castanospemiine / IFN-oQb (jiMOXJ/mL)%) 

0 

^3±10 

Castanospennine / Ribavirin (/zM^ %) 

0 

-46=bl3 

Ribavirin /IFN-o2b QM(IU/mL)%) 

6^1 

-83dbl8 


CI » Ccmfidenoe Xnterval; IFM-o(2b » Interf^tm oSb 


Overall) combinations of castanospetmine with inter&ion-o2b weie 
strongly synergistic (v61ume3,of synergy >100 (Itr/mL)iiM%), Combinations of 

1 5 castanospemiine vinUi xibavixin showed a more modeiate synergy (between 25 /(M^ end 
1 0O ftM^%}. Strong antagonistic volumes observed in the combinations oocuned at high 
drug concentratioDS and axe unlikely to be relevant in vivo. The cytotaxid volumes fertile 
eombmations were either antagonistic, indicating ftat the comhmations had no significant 
impact on dadrcytotoxiolty. This antagonism mGytai0:ddtytniry indicate 

20 combination can reduce the individual cytotoxicities of each compomid A dose- 
dependent reduction in EC50 of castanospecmine (up to >52^foId} was observed upon the 
addition of increasing concentradons of mterferon-oSb. This decrease in BC50 was more 
pronounced vdtk the addition of incieasing concentrations of ribaviiin. The combinations 
did not inmase tibe cytotoxicity of interfoQn-4i2b or nbavirin. These data indicate fhat 

25 fb& isombinatian of oastanospennine with interfoon vQh and liie comibination of 
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castatxospennixiB with ribavirin could be feeneSoial fisr tiie tieatmeat of HCV-iofected 
patienta. 

EXAMPtES 

SyWBRGTSM and CYTOTQXIiCnY OF CASTANOSPERMINE IH COMBINATION 
5 WTRHAMAKTADINBORNB-DNJ 

A cytopa^c assay was peifbnned to dctenmne the potentiBl of 
castaiiospennizi& to act oyneigistically wiQi amantadine or NB-DW. A two-way 
oombiiialion assay w^b pe:rfonned with average bacls^oimd- and coIor-ooirBcted data in 
an itMAtim-of-cyix^ effect (CPB) assay as described below. Th& two-way drag 

10 combxaatioiis were achieved by creatmg a "chcckerboani" with one dxug being titrated 
horizontally and the other dmg titiaied veitioally on MDBK cells infected with BVDV at 
anMOIof0.05. Ilic same i^pcoac^ was used on nonrmfboted MDBK cells to 1^ 
^sct of Ihe combination an &e cytotoxicity of l3ie drags. Each two-way oonibtnation 
was poifbnned twice. Tlie ECso zeptesents Ihe concentration of oompound tliat provides 

15 50% protection of B\nDV-inducedcytotoxicLfy(CT^ The ECso data woe analyzed 
using a MacSynergy® soflwaie piograxn (gift fcom Dr. Maik Pilchard, University of 
Alabama, "nzscaloosa, AL) to detennine any synergistic ef^t (see, e.g,, Ouzounov et al^ 
supra; Buckwold et af., Antimicrob. Agmts Chemother. 47:2293, 20Q3). Also tested was 
M-19 14 (a non nnolBosids HCV inhibitor of HCV polymerase that does not inhibit 

20 BVDV) as a negatcve control. 

Individual pofenoies (ECso) of each of the drags fisr Inhilntion of BVDV- 


indoced oytnpathic effects in MDBK cells were detBoained &r eadh ccimbination 
eocperimGot (see Table 9). 

Table 9. Protection of MDBK Cells ftom BVDV-Induced Cytotoxicity (EC50) 


Castanospermlne 

Amantajdine 

M-1914 

NB-PKJ 

>100 

400.4 

>50 

>500 


25 Double Combination EfScacv Studies 

Combination of castanospennino with amantadine showed moderoCiB 
syneigy (vohmes of synragy 60.7 in inhibiting the cytopathic effect of BVDV m 
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MDBK cells. ComUnsticnis of caslimospeiziiiDe with KB-'DNJ or M-1914 wece not 
signiScantliy synergifitic (volumes of Bysuorgy <25 /iM^%) in inhibitmg the cytopathio 
effect ofBVDV in MDBK cells. No fligziifi(»ntantagcnii£an was observed betwreeu 
castanospetmine and amaiitadiiae^ castanospennine and NB-DNT, or castanospenttiae and 
5 M-.1914 combinations (volvmes of synetgy > -25 pM^%) (Table 10). 


Tabk 10, Efficacy Synergy Vohunes of Combiiiation Tieaiineixt 


Combination 

Sfficacy Synergy (pM^ %) ^5% CI) 

Castanospeiinine^Animtadine 

60.7 

Castoiiospennine-M-1914 

6 

CaatanospenninB-NB-DNJ 

16.3 


CI = Confidence Interval; range tented: Castanospennine 33.3-0.4 /M; M- J914 50- 
3.12/iM; Amantadine"- 250-313; NB-DiNJ= 250-31.3 


10 Double Comb ination Cytotoxicity Studies 

The cytotD?dcity of castanospezmine in combination wifli amantadine, 
M-1914, or NB-DMJ was detexmmed in uninfected MDBK cells. The cytotoxic volumes 
for tibe double oombinatians weie additive for the doable combinations of 
castanoiipetmine with amantadine* M-1914j, or NB-DNl (volumes of synergy <25 

15 iuM?%). No significant antagonism was observed for the combination castanospexmine 
with NB-DNJ (volnme of synergy > -25 wiiile moderate antagonism was 

observed with fiie combinationis cafitanospeiznine with amantadine (volume of syneigy - 
40.1 /iM^o) or castanospermine-M-1914 (volnme of synergy -26.3 fiM^%\ indicating 
that addition of castanospennine to aniantadiae or M-19 14 can reduce their expected 

20 toxicities. 


Table 11. Cytotoxicity Antagonism Volvmies of Combination Ti:eatment 



Cytotoxicity Volumes (pM^ %) (95% CL) 

Combination 

Synergy 

Antagonism 

Castanosperinine-AmantadlnB 

1.3 

^0.1 

Castano5penmne-M-l914 

0 

-26.3 

Castsnospemaine-NB-DNJ 

8.1 

-1.7 
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Those ddlled in iho Hit recognize^ or be able to asceitain, using no 
moie than routine expenmenia^tLoii, many equivalents to ttie specific exnbodimentB of Iho 
invention descdbed heieuL Swh equivalents sat intended to be encompassed lay the 
fbllowing claims. 
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CLAIMS 

We claim the following: 

1 . A method for treatuig a Flavtviridae infection comprising 
adzninifitering to a subject QB5tEinospenniDe> or apharmaccuticaUy acceptable salt 
ebereo^ duod an agent that alters immnziefuiicticm. 

2. A metihodfiM treating aHoWvfr^ 

Bdmmistedng to a subject oastaBosperminCy or a phaimaceuticaUy acceptable salt 
&cteo^ and an agent that altm xepUeotion of JFlavivaidae, 

3. The method accoiding to cither claim 1 orclaixnZwhsieintbe 
8u]:ject is a human, 

4. ' lliemetiiodaoooidmgto either claim 1 exclaim 2 wherein^ 
Flavtviridae is a member of the scnos Flavtvinis, 

5. Themelhodacxsoidingtoeifterobxm 1 orclalm2wherBm 
FtavMridae Is a member of the genus Pestiv{rus> 

6. Tliemetib[OdofGlaim4whe]:emtheF&3rv/v/n£f isa^^^ 
wherein the HepacMms is Hepatitis C vnoa (HCV). 

7. Themetfaodaccotdtngtoolann 1 wheteinfiieasentthatalteais 
inunime fimction is an inteEfeton. 

8. the method according to claim 7 wherein the interferon is an . 

intdcferoD-CL 


36 


wo 2006/037227 PCT/CA2005/001528 


9 . Thd method accotding to claim 8 whereia die imexfomhOt is 

1 0. The method acconotibg to claim 1 wherein castanospeoaino and 
the ag^t that oltm immune fhflotiom are administNed sequeatialty. 

1 1 . The meOiod accaiduig to claim 1 0 wherein the agent that altoxs 
immime fnnctlGii is administeisd befox^ oastanospetoune. 

12. The meGxod accoidifig to claim 10 wlierein oastanoqiecmifie is 
adodmstsxed befote the agent that altecs immune fimctioiii. 

1 3 . The method acccidmg to olaini 1 whecein oastanDspeixnin& and 
llie agesnt ftat altczs xmmime fijnotion are fldmini^ 

H. The melihod accozding to claim 1 wlieiiBm castanospeimime azid 
the agent ftiat altsis immune fijnction am admixed as a single composition and 
administBied eoncunemly. 

15. The method according to claim I comprising administering to a 
subject (a) a composition ooniprising caEftanospemiine and apharmaceutically 
acceptable eamei: and (b) a composition oomprudng the agent ^t altera TrnTnmic 
ftmotion and a phaxmaceottcally acceptable caztier. 

16. The method accoidiog to claim 2 wheidn the ag^ that altera 
viral lepHcatioa is libavirin. 

17. The method according to claim 2 wheiiein the agent that all^ 
viral replication i$ iaterleion-OL 
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18. Theinfitibadacccm3mg1:ocIaim2^eieincafitaao5^ 
ike ageait Ibrt alteis viral xepHcation ate admiiusteied seqasntially. 

19. The metbod accorcling to claim 18 whetein the SLsemx fhat altexa 
viral replicatioTi is administeiad bafbfe castanospeccninB* 

20. llie2ne&Qda(»Qtdmgtoclaiial8wheidncaslBn^ 
administered before Hhe agent Ibat alters viral leplicatioxi. 

21 . The mefbod according to claim 2 whezein castanospermiae ml 
the agent Hiat aUers viral lepUcatidn are adndnislered concurrenlly. 

22. The method according to claim 2 ivherein castanospermiiie and 
the agexit fbat alters vixal replication are admixed as a sixigie composidon and 
Brfrnlfilfftered comiainBatly. 

23. The mebodaccordiiig to claim Iwfaerdacaatanoqpex^^ 
fbe agpnt tiiat altm tmmuiiD flmct^ 

24. The method according to claim 2 wherein tbe castaoospermrae 
and the agent fhat ahers vhal replication interact synergjstically. 

25. A mefiiod for treating Fknfiviridae infection comprlring 
castaoospenxuzifi in combitiation "with an agent selected fiam: 

(a) a compoimd that inhibits in&ction of cells by Flavtviridaer, 

(b) a compoimd that rnfanjifis the release of viral KNAfir^ 
capdd or inhiblta ^ functum otFlaviviridae gene products; 

(c) a compoimd that alters Flaviviridae repUcatiozi; 

(d) a compound that alters immnne function; 

(e) a compomid tiiat alters symptoms of a Fiaviviridae infection; and 
(Q a compomidfi»r1reatuDgjF/av2virfdfdK-afiB06iated infections. 
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26. The method accotdins to clahn 25 wheteb die compomxd that 
altecta hmnium fisiictkm is ania^^ 

27. Themediodaccordiiigtoclaim25 wheieint^ 

interfeicm-OL 

28. The m&tibod according to oJaim 27 v^hetein fbQ intfidbEcm is 
pegylaied interferoDrOL 

29. The meiiiod accarding to claim 25 wherein the compoond that 
alteis Flayi\Httdae vxral ccplication is ribAvinn or interferaa-a 

30. ThBmeaK»daccordicigtoolaim2Swheiemthe 
/^/oWv/r&fafi-aBsooiated infecdon ifi a hepatitis B viiel (HBV) infection or a xetroviial 
in&ctiOfL 

31. The mettiod flocacding to claim 30 whexein the letzoviial 
infection is a human miniimodeficiesicy vixus infection (HIV). 

32. A method for treating a Flaviviridae infection oompiisiag 
administering to a subject castanospermme, or a phannaceutioally acceptable salt 
-QiBieo^ and an intetifecon. 

33. The meUiod accordtng to claim 32 wherein the interferon is 

interfezon-ct 

34. The method according to claim 32 wherem the inteidbron is 
pegyiated intBrferon-a 

35. The method accarding to claim 32 wherein castanospenmne and 
"tibe inteifbzon interact Efyneigistically. 
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36. Use of a composition fin liie manxt&ctvre of a xoedicaxnant fbr 
the Ixeatment of a FlavMridae infisctkm, wliereni &e composition coinprises 
castaiio^nnine» or a phunweutiGaliy acceptable salt thereof, and an agent Hiat ahera 
iounixne fimction* 

37. The USB accofding to claim 36 wherein £he a^ent lhat alteis 
innnntLC function is an ujitciTHii>n» • 

38. Theuse accovdingto oloim 37 wherdn lbs inicifefoiits 

intox&roEHOL 

39. The use acconling Id claim 37 wherein the interT^ 

interfeton-OL 

40. Use of a composition lor Ihe maTiu&ciuxe of a medicament fQ£ 
the treatment of a FlavMrUkie infection, wheiein-fte composition oomprisea 
castanospBooninep or a phoimaceutEoally aocqitaUe salt thevesof^ and an agent that alters 
replication otFlavMridae. 

4L The use accordingto claim 36 whsnain fixe agent that alters 
replicatloa of nfln;nMc2a& is tibavixin. 
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NEW CLAIMS 

received by the International Bureau on 28 March 2006 (28.03.2006) 


h A method for treating a Flaviviridae infection comprising 
administering to a subject castanoqi^eraiine or a pfaannaceutroaUy acceptable salt thereof, 
and an agent that inhibits FlavMridae gene products. 

1. The method according to daim I wherein the subject is a human. 


3. The method aooQiding to claim 1 wherein the Fibvhm^ 
member of the genus Flavivirus. 


4. He method according to claim 1 viiierein the Flaviviridae is a 
member of the genus Pestivirus. 

5. Hie method of claim 1 wherein die F^arWWfxdae is a /fe;iaciv^^ 
whesein die jffi^pocMw is Hepatitis C 

6. The mediod of claim 5 wherein the H^acivirus is Hepati tis C 

virus (HCV). 

7. The method aooQidii^ to daim Iwherrin the ageM that iiriubit^ 
F/aWWr£d^ gene pn>ducts is nlmvir^ 

8. The method 8C00idiAgU>claiml wherein the agent that inhibits 
Flaviviridae gene products is valopidtabme. 

9. Hie mcdiod according to claim 1 wherein the agent that inhibits 
Flavtvlrtdae gene products is ^Flaviviridae serine protease inhibitor. 
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10. The method aooordmg to daim 9 wherdn the serine protease 
iriubitorisVX-950, 

11. The method according to daim 1 wherein castanospennine and the 
agent that inhibits FlavMridae gene products interact synergistically. 

1 2. The method according to any one of claims 1-11 wherein 
castanospennine and the agent that inhibits FlavMridae gene products are administered 
sequentially. 

13. The mediod according to claim 12 wherein the agent tiiat inhibits 
Flaviviridae geneistxlucts is administered befiire castanospCTune. 

14. Tbe method according to claim 12 whcMn castanospennine is 
administered before the agent that inhibits FUMviridae gene products. 

15. The method according to any one of claims l-ll wherein 
castanospexmine and the agent that ixihibits Flaviyiridae gene products are administered 
ooncutently* 

16. Hie method according to claim 10 wherein casttoospennine and 
the agent that inhibits Flavivmdae gene products ate admixed as a single conq>osition. 

17. The method acoofding to any one of claims 1*1 1 comprising 
administering to a subject (a) a cmnposition comprising castfljoospmnine and a 
pharmacenticaOy acceptable carrier and (b) a composition oon^rising die agent that 
inhibits Flaviviridae gene products and a phannaceotically acceptable canier. 
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18. A m^bod for treating a Fibvmr^ 
admiiiistenng to a subject castanosp^nune or a phannaceutically acceptable salt thereof, 
and an IU^A-dq>eQdeQt A polyxnerase (RdRp) ii^ 


19. The mediod according to daim 18 wherein the RdRpinhibitDr is 

ribavirin. 

20. The medu>d according to claini 19 wherein castanospfflninea^ 
the ribavirin interact synergisticaUy. 

21 . The method aooording to claim 1 8 wherein the RdRp inhibitor is 

valopidtabine. 


22. Use of a co]iqK>siti(M3 for the mami&cture of a medicament for Ae 
treatment of a FlavMridae infection^ wherdn the composition conQxrises 
castanoq>emune or a phannaceutically acceptable salt thereof, and an agent that inhibits 
Flaviviridae gene products. 

23 . The use according to ckiim 22 wherein the agent that inhibits 
Flaviviridae gene products is ribavirin. 

24. The use acomting to claim 22 wherein the agent diat inhibits 
FlavMridae gene products is valopidtabine. 

25. The use according to daim 22 vlierein. fiie agent that inhibits 
Flaviviridae gait products is a Flaviviridae serine protease mhibitor. 

26. The use according to claim 25 wherein the Flaviviridae serine 
ptotease inhibitor is VX-9S0. 


43 


AMENDED SHEET (ARTICLE 19) 


wo 2006/037227 PCT/CA2005/001528 



SUBSTITUTE SHEET (RULE 26) 


wo 2006/037227 PCT/CA2005/001528 


2/5 



IFN OU/mL) 

FIGURE 4 

♦ CastECSO 
■ RBVEC50 
A Additive Line 



RBV (uM) 


SUBSTITUTE SHEET (RULE 26) 


wo 2006/037227 


PCT/CA2005/001528 




SUBSTITUTE SHEET (RULE 26) 


wo 2006/037227 


PCT/CA2005/001528 



SUBSTITUTE SHEET (RULE 26) 


wo 2006/037227 


PCT/CA2005/001528 



FIGURE 6B 



RBV(mM) 


SUBSTITUTE SHEET (RULE 26) 


INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/CA2005/001528 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC: A61K3S/21 (2006.01), A61P 31/14 (2006.01). A61K 31/437(2006.01), A61K 31/7056 (2006.01) 

According to International Patent Classification (IPC) or to both national claasificatton and IPC 

B. FIELDS SEARCHED ' 
Minimum documentation searched (dasaificatian system followed by dassificatiaii symbols) 

IPC(7): A61K 38/21, A61P 31/14. A61K 31/437. A61K 31/7056 


Documentation searched other than minimum documentation to the extent that sudh documents are included in the fields searched 


Electronic database(s) consulted during tiie international search (name of databases) and. wheropmctioable. search terms used) 
Canadian Patent Database. Delphion. SIN (Registry and CAPLUS), Pubmed (NCBt); Keywords: castanospennlne, 
antiviral. flavMrus, hepatitis, dengue, synergis*. combin*, interferon, ribavirin 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 

Citation of document, with indication, where appropriate, of the relevant passages 

Relevant to claim No. 

X 

0U20UN0V, S. ET AL. The combination of interferon a-2b and n- 
butyl deoxynojirimycin has a greater than additive effect upon 
production of infectious bovine vfiral diarrhea virus (BVDV) in vitro: 
Impltoations for hepatitis C vims (HCV) therapy. Antiviral Research. 
Sept. 2002. Vol. 55, No. 3, pages 425-435, ISSN 0166-3542 
cited in the applioation 

see whole document especially page 431 ; 

1-15,17-29, 32-40 

X 

WO 02/069780 A2 (VITROGEN LTD) 14 November 2002 
cited in the application 

see whole document especially Figure 2. page 21 lines 6-6. pages 
9-10 and Table 5 { 

1-41 

Y 

WO 01/54692 A1 (JACOB, G. S. ET AL) 2 August 2001 
see whole document 

25, 30, 31 


|X| Fut&er documents are listed in the contmuation of Box C. 


[ X ] See patent feinily annex. 


* Special categories of cited 

"A** document defining tbc genozal s 
to be of paftioular ralevanea 

earlier , 
filing da) 

**L** document which insyduowdbvbts on 
cited to establish the pdblicatitm date 
q)edal reason (as specified) 

»Cr dDcument nftmog to an oral dlsckuum, use, exhibition or ofternieaiB 


oftliB artwhlch is not coosidered 
on Of sficr the fntPTiwiiffim I 

-orotfaer 


It published prior to the inleiiDtianal filing date but later than 

the priodly date claimed 


T* later document pubHshed after the btsmational Sine date or priori^ 
dale and not in conflict with the application but oted to undetatesid 
ih^ principle or dieoiy usdeitying m Invention 

^OC doeonient of particular relevance; the claimed uiveatlon cannot be 
considered novel or cannot be oonsidered to involve an inventive 
step when the document is (aKen olone 

"^Y" doooaeot of particular relevance; the chiimed invention oonnot bo 
considered t9 involve an inventive step when the document is 
cotnbmed wUh one or more oflier socn documents, such combinstiai 
being obvious to a person skilled in the art 

dociuneat member of the same patent tkimly 


Date of tiie actual completion of &e international search 
20 December 2005 (20-12-2005) 

Date of mailing of the international search report 
] 8 January 2006 (18-01-2006) 

Name and mailing address of the ISA/CA 
Canadian Imellectufll Property Office 
Place du Portage I, C 114 - 1 si Hoor, Box PCX 
50 Victoria Street 
Gatineau, Quebec Kl A 0C9 
FacsimflcNo.: 001(819)953-2476 

Autfiorized officer 

KatriimCajxspsall (819)956-9874 

1 


Fonn PCTASA/210 (second sheet ) (April 2005) 


Page 3 of 5 


INTERNATIONAL SEARCH REPORT 


IntematioDal application No. 
PCT/CA2005/001528 


Box No, n Observations where certain dalms were found unseardiable (Continuation of item 2 of the first sheet) 

This intemational search r^ort has not been established in respect of certain claims nnder Article 17(2)(a) for the fbUowing 

reasons : 

1. [X] ClaimNos.: 1-35 

because they relate to subject matter not required to be scanned by Ms Authority, namdy : 

Although claims 1 -35 encompass a method of treatment of the human/animal body which this Authority Is 
not obliged to search under Rule 39.1 (iv) of the PCT, the search has been carried out based on the alleged 
effects of the compounds or compositions referred to therein. 

2. [ ] QaimNos.: • 

because they relate to parts of the intemational application that do not comply with the prescribed icquifements to such an extent 
that no meaaingfiil uxtemational search can be cacried out, specifically ; 


3. [ ] ClaimNos.: 

i 

because ttiey are dependant clahns and are not drafted in accordance with the second and third sentences of Role 6.4(a). 


Box No. in ObservationB where unity of invention is tacking (Continnation of Item 3 of first sheet) 


This Intemational Searofamg Authffii^ found mnhiple inventiotts k this mtemetional ^lioatioD, as follows : 


1. [ ] As dl required additional seardi fees were timdy paid by &eappHcant« this intern^ 

searchable clauns. i 

2. [ ] As all searchable claims (x>uld be seardied without effort justifying additiondfea^ 

payment of additional fees. 

3. [ ] As only some of the required additional search fees were timely paid by the iqipUcant^ 

covers only those claims for whidi fees were paid, specifically claim Nos. : 


4. [ ] No required additional search fees were timdy paid by the applicant Consequently, this intemational search report is 
restricted to die invention first mentioned in die claims; it is covered hy claim Nos. : 

Remark on Protest [ ] The additional search fees were aocon^amed by the applicant's protest and, where applicable. 


[ ] The additional search fees were accompanied by die applicant's protest but fiie ^)plicable protest 

fee was not paid within die time limit sp^ified in the invitation. 
[ ] No protest accompanied the payment of additional search fbes. 


Form PCr/ISA/210 (conthmation of first sheet (2)) {Apdi 200S) Page 2 of 5 


INTERNATIONAL SEARCH REPORT 

Internationa] ^plication Na 
PCT/CA2005/001528 

C (Continuation). IX)Cm^E^mC0NS^3£REDTOBER£LBVAN^ 

Category* 

Citation of document^ with indication, whera apspropriate^ of the rdevant passages 

Relevant to clamiKo. 

Y 

JOHNSON, V. A. ET AL. Synergistic inhibition of Human 
Immunodeficiency Virus Type 1 and Type 2 replication ifi vitro by 
castanospermlne and 3'-azfdo-3'-deoxytliymldine. Antimicrobial 
Agents and Cliemotherapy. Jan. 19B9, Vol. 33, No. 1, jiages 53-57. 
ISSN 0066-4804 i 
see wliole document 

i 
1 

j 
i 
i 

» 

i 
1 

I 
1 

26, 30.31 


Fonn PCT/ESA/210 (contimiaiioD of second sheet) (^ril 2005) Page 4 of 5 


INTERNATIONAL SEARCH REPORT 

IzitiDnnatioii on patent tamily members 


fotemadonal application No. 
PCT/CA2(X)5/001528 


Patent Document 
Cited in Search Report 


WO02089780A2 


Publication 
Date 

14-11-2002 


Patent Family 
.,Member{?) 

CA2445271 A1 
CN1516582A 
EP1387681 A2 
GB0110832DD0 
IL158558D DO 
JP2004527566TT 
JP2005290015A 
NO20034878A 
NZ529448 A 
US2004147549A1 


Publication 


14-11-2002 

28- 07-2004 

11- 02-2004 
27-06-2001 

12- 05-2004 
09-09-2004 
20-10-2005 
22-12-2003 
26-11-2005 

29- 07-2004 


wool 54692 A1 


02-08-2001 


AU3459601 A 


07-08-2001 


Fonn PCT/ISA/21 0 (patent firadly aimeK ) (April 2005) 


Pages of S 


